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aradox is once again 
the Lop-rated program, 


with the latest version 
scoring even higher than last 
year's top score," (Software 
Digest's July 1987 Ratings 
Report —an independent com- 
parative ratings report for 
selecting IBM PC Business 
software). 

All tests for the Ratings 
Report were done by the pres- 
Ligious National Software Test- 
ing Laboratory, Philadelphia, 
PA, and the message is crystal 
clear: there is no better rela- 
tional database manager than 
Paradox, 

NSTL tested 12 different 
programs and amongst other 
results, discovered that 
Paradox is 3 times faster than 
dBASE: 6 times faster than 
R: BASE on a two-file join 
with subtotals testt, 


Paradox does the 
impossible: combines 
ease-of-use with power 
and sophistication 

Even if you're a beginner. 
Paradox is the only relational 
database manager that you 


can Lake out of the box and 
begin using right away. 

Because Paradox employs 
state-of-the-art artificial intel- 
ligence Lechnology, it does 
almost everything for you— 
except take itself out of 
the box. 

If you've ever used 1-2-3* 
or dBASE* vou already know 
how to use Paradox, It has 
Lotus-like menus, and 
Paradox documentation 
includes “A Quick Guide tu 
Paradox for Lotus users," and 
“A Quick Guide to Paradox 
[or dBASE users,” 
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fdeal programs baee high levels af buth 
power amd usatitity. Programs plotted in 
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Why Parad 


&& Paradox still offers 
superior import/export 
facilities using Lotus 
|-2-3, dBASE, ASCII 
and other file types. It 
transfers between formats 
with stunning speed 

Rusel DeMaria, PC Week 99 


Paradox responds 
instantly to “Query- 
by-Example" 

The method you use to ask 
questions is called Query-by- 
Example. Instead of spending 
lime figuring out how to do 
the query, you simply give 
Paradox an example of the 
results you're looking for. 
Paradox picks up the example 
and automatically seeks the 
fastest way of getting the 
answer, Paradox, unlike other 
databases, makes it just as 
easy to query multiple tables 
simultaneously as it is to 
query one, 
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x is the best 


There's no power like Paradox Power 


PROGRAM 


Paradox saves you from 
future shock 


Trends for the future wilh Paradox 


1987 


Paradox 386 allows users to 
take advantage of 16 Megabytes 
of Memory on a 386 machine. 
This allows Paradox users to 
work with databases that could 
in the past only be handled 
by minicomputers and 
mainframes. 
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Your investment today in 
Paradox applications ts pro- 
lected as new hardware and 
operating systems are used in 
your company, Paradox 2.0 
applications will run un- 
changed on Paradox 386, 
Paradox 08/2, Paradox Unix 
and Paradox SQL! All versions 
of Paradox will be completely 
application and menu compati- 
ble. Paradox SOL will allow 
access to remote databases via 
SQL. Users will just type in a 
query as they normally would. 
and Paradox will translate that 
Query to SQL. 


&& Paradox 2.0 will 
do for the LAN what the 
spreadsheet did for the PC 


David Schulmamn. 
Bendix Aerospace 
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Paradox makes your 
network run like 
clockwork 

Paradox is just as valuable 
to multi and network users as 
iL is Lo single users. [t runs 
smoothly, intelligently and so 
transparently that multiusers 
can access the same data at the 
same time—without either 
heing aware of each other or 
getting in each other's way. It 
works exactly Lhe same way 
whether you're flying solo or 
as part of the crew. 


éé Anyone who hasn't 


seen the network version 
of Paradox should take a 
look. Ansa has dramati- 
cally advanced the state 
of the art in multiuser 
network databases 
Phil Lennuns, 
BYTE 
Paradox was a delight 
to use, both as a stand- 
alone product and from 
a local area network 
server. 
Don Grabb, 
InfoWorld 7 bj 
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Paradox: | 
the top-rated ? 
relational t 
database : 
manager : 
in the world... : 


Paradox: the new 
corporate standard 


Paradox automatically 
updates your data and 
lets you control access 
to information 

In "GCo-Edit" mode, changes 
made by anyone are automati- 
cally updated to everyone. You 


can pre-set a Screen-Refresh”’ 


interval to occur anywhere 
from 1-second to 1-hour inter- 
vals. (If you don’t make a pre- 
set choice, Paradox automati- 
cally updates every 3 seconds 
so that your screen always 
shows you updated data). 

While Paradox 2.0 lets 
everyone share and update 
information simultaneously, 
you can configure it to keep 
secrets secret. 


You can restrict others’ rights 


in a variety of ways with safe- 
guards protecting confidential 
files and/or giving someone 
"Read Only” rights which is 
to allow ' View," but prevent 
"Change." The Paradox tech- 
nique—automatic file and 
record locking—ensures data 
accuracy and integrity in any 
multiuser environment. 


For a brocbure or 
tbe dealer nearest you 
call (800) 543-7543 


PARADOX 


w ANSA 


A Borland Company 


éé With Version 2.0, 
Paradox becomes a sophis- 
ticated multiuser product 
that boasts an impressive 
selection of data-protection 
features and password- 
security levels 


Rusel DeMaria, 
PC Week FF 


Get serious support for 
serious Paradox applica- 
tion programming 

When you subscribe to the 
Paradox Developer's Resource 
Program (PDRP), you get ali the 
resources and support you need 
for sophisticated Paradox appli- 
cation development: unlimited 
access to our toll-free PAL 
programmers support line; the 
Paradox Developer's Toolkit; a 
subscription to Turbo Technix, 
Borland's bi-monthly technical 
magazine; and a 2096 discount 
on the Paradox User's Journal 
published by the Cobb Group. 

Call our Customer Service 
Department at (408) 438-8400 
for your free PDRP information 
kit with all the details. 


PARADON 
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155 Excel Extraordinaire 
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Microsoft's successful Macintosh spreadsheet 
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Should you buy a VGA 
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suffice for less money? 


115 The Zenith Z-386 
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Reflex has evolved into this faster and easier 
relational database manager. 


by Ed McNierney Ti COLUMNS 
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performance and flawless compatibility. Transparent Conversions? Hah! 
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Memory mapping helps overcome handwidth problems 
between the CPU and floating-point coprocessor. 


205 The Intel 80387 vs. The Weitek 1167 


by Laurence H. Loeb 
A look at two 
accelerator boards: œ 
Do they really double 


hs Mar SE by Tom Thompson 

the Mac SE's " 

rüpscsi 207 Programming the 80387 Coprocessor 
P 

— by Prakash Chandra 


À look at the key differences between this 
floating-point unit and the earlier 8087 and 80287. 
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HiWIRE Starts the Job tt 
nA 


Introducing HIWIRE | 


Wintek's smARTWORK* is 
used by thousands of engi- 
neers to design printed-circuit 
boards. Now Wintek intro- 
duces HIWIRE, an electronic- 
schematic program that is 
easy to learn and use. 

With a click of the mouse 
button, you can extract sym- 
bols from our library of over 
700 common components and 
connect them with wires and 
buses. You can also easily 
modify the library's symbols or 
create your own by combining 
labels, lines, and arcs. 


HiWIRE Advantages 


C] Easy-to-learn mouse/menu- 
driven operation 

[] Complete documentation 
and tutorial 

[1 Extensive TTL, CMOS, micro- 
processor, and discrete- 
component libraries 

LJ Rubberbanding 


O Moving, copying, mirroring, 
and rotating of symbols 

O Text-string searching 

L] Multiple display windows 

L] High-quality schematics 
from printers and plotters 

L] Hierarchical-design sup- 
port; netlist and bill-of- 
materials utilities 

O Schematic/layout cross 
checking 

O 800 number for free tech- 
nical support 

System Requirements 

O IBM Personal Computer, 
PC XT, or PC AT with 320K 
RAM, parallel printer port, 
2 disk drives, and DOS V2.0 
or loter 

O IBM Color/Graphics 
Adapter or EGA with RGB 
color monitor 

[] Microsoft Mouse 

O IBM Graphics Printer or 
Epson FX/MX/RX-series 
dot-matrix printer, and/or: 


O Houston Instrument DMP-40, 
44, 42, 51, 52 or Hewlett- 
Packard 7470, 7475, 7550, 
7580, 7585, 7586 plotter 


High Performance at Low Cost 


At $895, HiWIRE delivers 
quality schematics quickly 
and easily. You don't need 
to guess whether or not HIWIRE 
is right for you. Our money- 
back guarantee lets you try 
It for 30 days at absolutely 
no risk. Call (800) 742-6809 
toll free today and put HIWIRE 
to work tomorrow. 


Wintek Corporation 

1804 South Street 

Lafayette, IN 47904-2993 
Telephone: (800) 742-6809 

or in Indiana (317) 742-8428 
Telex: 70-9079 WINTEK a ae UD 
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"HIWIRE" is a trademark, and "smARTWORK", 
"Wintek^, and the Wintek logo are registered 
trademarks of Wirtek Corporation. 
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EDITORIAL 


Not Just for the MacFaithful 
“Gridlock surrounds S.F. computer 
show" screamed the headline in the San 
Francisco Chronicle. " More than 20,000 
people turned up for the first day of the 
three-day computer show, compared with 
30,000 for all three days of the show last 
year. Hundreds...were unable to get 
into à packed keynote address.. .. There 
was almost complete gridlock from Mar- 
ket to Howard streets... and traffic 
backed up onto the Bay Bridge.... Some 
drivers complained that it took a half 
hour to go one block." 

I'm writing this on the flight back 
from this winter's MacWorld Expo and 
can attest that it's all true—and perhaps 
even a little understated. [t was a great 
show, in some ways reminiscent of the 
early days of microcomputing, with an 
electric atmosphere, a spirit of innovation 
and excitement, and a profusion of new 
hardware and software. 

It may be remembered as the show of 
the expandable Macintosh—a show when 
there finally were enough innovative 
products for the full Macintosh line (not 
just for the Mac II) to satisfy all but the 
most fanatical criticisms about limited 
RAM, small and monochromatic 
screens, inadequate expansion, and un- 
fulfilled visual potential. 

My briefcase barely fits under the seat 
ip front of me: It's crammed full of litera- 
ture and sample software for everything 
from accelerators and expansion products 
for the Plus and SE; to 68030-based ac- 
celerators, professional-quality anima- 
tion, and digitized video products for the 
Mac II; and back to software that lets you 
accurately and flexibly drive color 
printers from monochrome Macs. The 
list goes on and on. 

Ti was a great show. And not just for 
the MacFaithful. 


Cross-Pollination 
It's axiomatic that many of the concepts 
and technologies that had their first wide- 
spread commercial appearance on the 
Mac already have influenced and im- 
proved the TBM world. But, until re- 
cently, little has gone the other way. It’s 
left the Mac world essentially isolated 
from the mainstream—a fertile but for- 
eign land to the overwhelming majority 
of microcomputer users. 

Some Mac users like it that way, They 
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regard the "purity" of the Mac as an al- 
most religious issue. At several of the 
show's panel discussions, members of 
the audience actually castigated some 
manufacturers for "selling out" because 
they adapted Mac products for PCs, or 
vice versa. 

Some PC users like it that way, too. 
These arc the folks who made up their 
minds about Apple's ''little beige 
toaster" when it first appeared and don't 
realize that the current crop of Macs and 
third-party hardware and software em- 
body the most desirable traits of the IBM 
side (e.g., expandability and adaptability). 

It's silly —dangerous, even—to put on 
blinders and track only one class of ma- 
chine, or worse, only one brand of ma- 
chine: Good ideas know no boundaries, 
except artificial ones, such as closed 
minds and closed architectures. 

And that’s why BYTE (which is some- 
times incorrectly perceived as an MS- 
DOS publication) attends Mac shows. 
Because no matter whether you're a Mac 
user or a PC user, you need to know 
what's going on in the other camp: Soon- 
er or later, you must deal with and choose 
among the best ideas that emerge there. 

This cross-pollinization benefits every 
computer user, and it's a fact of life of 
microcomputing today: The best features 
of hardware and software— wherever they 
originate—wili eventually show up every- 
where, Keeping you informed of these 
developments, keeping your options 
open—that’s what BYTE is all about. 


Some Specifics 

At MacWorld, we covered all the best 
product and technology news virtually 
live for the Microbytes Daily area of BIX., 
We then produced a Show Repart (see 
below) immediately after the show 
closed. I've already mentioned some of 
the most interesting products—many of 
which we'll soon be reviewing. 

But if you've missed our earlier cover- 
age of MacWorld, here's a sampling of 
some of the show's other interesting 
items. As you read them, you'll see many 
examples of cross-pollinization. 


* Ápple rolis out three new laser 
printers: from a $6599 model on the high 
end to a $2799 PostScriptless model on 
the low end, with a $4599 PostScripted 
model in the middle. 


* Sculley talks of twenty-first century 
"knowledge navigator." 

* Mainstay announces "Agenda-like" 
program for Mac. 

* New Apple product lets MS-DOS PCs 
be AppleTalk nodes. 

* Apple and DEC share technalogy. 

* Activision program lets HyperCard 
users generate reports. 

¢ WINGZ "integrated spreadsheet" puts 
graphs, text on one page. 

e Truevision, tnaker of the Targa and 
Vista graphics cards for the IBM PC, an- 
nounced a similar card for the Mac II, 

* SuperMac's 24-bit color card for the 
Mac II. 

* MacNeal-Schwendler introduces engi- 
ncering software for Macs. 

* Lotus introduces Modern Jazz. 

* Mac CAD package has modular 
design. 

* Kodak's first Mac projection pad, 

* Program lets you map "information. " 
e Summagraphics announces digitizer 
for the Mac. 

e Deutsch Research introduces a simula- 
tion program for analog and digital 
circuits. 

* SuperMac/Levco brought out program- 
ming environments for its TransLink ac- 
celerator card. 

* Apple Programmers Group offers new 
versions of MPW Pascal and MPW C. 

* Digital film recorder does slides from 
Mac graphics. 

* Two faxes for the Mac. 

* Apple resists display PostScript. 

* Cricket presents "Cricket Presents. " 

s Cricket shows beta paint program. 

è Radius accelerator runs at 25 MHz. 

* WordPerfect for the Mac: The "look 
and feel" of the Mac with al! the key- 
board functions of the IBM version. 


And much more. 

We'll also be producing a Show Report 
after this month's West Coast Computer 
Faire. We'll be glad to send you a copy 
for just the price of the paper, printing, 
and postage. Just drop us a note (send it to 
WCCF Show Report, BYTE, One Phoe- 
nix Mill Lane, Peterborough, NH 
03458); please enclose a check or money 
order for $3 and be sure to include your 
name and mailing address. 

— Fred Langa 
Editor In Chief 
(BIX name: flanga) 
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Maxell Advanced System 
4" Data Cartridges. 

They're fully compatible with 
all standard and mini ¥%4” 
data tape systems. 

Perfect for file-by-file 
backup or mirror-image 
streaming, creating archival 
tapes or off-loading data. 


And best of all, they 

bring you the peace of mind 
which can only come from 
seeing the Maxell name on 
your computer products. 


Talk to your Maxell 
distributor about backup for 
even the most sophisticated 
computer today. Before it 
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The small printer on the left zips along as fast as 240 cps. 
seems positively unexciting It can do more things. It has 
next to the new ALPS ALQ300. snap in/out 24- or 18-pin print 

And its not just because of heads. Multiple font cartridges. 


our colorful personality. Paper handling extras like auto- 
You see, the matic single 

ALO300 is a lot d both offer the same great feature sheet feed and 

l first dot matrix printers with resc ! 

faster. It handles {er quality. They quietly print at| bottom feed. And 

hidirectional y're versatile. A full range of mod of course, it runs 

; i N ths, transparencies, multiple-part f ; 
graphics with fly- les, pitches and fonts. with all the most 


ing colors. And The AL()300 prints averythi ing from the letter quality text you popular PCs and 
for black and Mii o Dor en EAR, software. 

white work- spreadsheets, let- Its much easier to use, too. 
ters, you name it-the ALQ300 Because you do everything 
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on the front panel. Change type And our 18-pin modelis $100 less. 


styles and print modes. Load Now it's time to make your 

paper. Even override your soft- | own comparison. Call us for a 

ware. All without software tree demo or more information 

commands or DIP switches. at (800) 828-AL PS. In California, 
You may have also noticed (800) 257-7872. 

that the ALQ300 looks more And you'll find there really 

substantial. It is. Treat it right isnt any comparison to make. 


and it'll run over five years with- 


out a breakdown. v= 

You may also expect that the ALPS 
ALO300 is more expensive. It et Pt 
isn't. Our 24-pin version has a sug- AMERICA 


gested retail price of just $995. IT’S TIME YOU SAW THE ALPS. 
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MICROBYTES 


Staff-written highlights of developments 


in technology and the microcomputer industry. 
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SQL Promises Portability, but It's Not Easy 


Becoming a Standard 


Incompatible database formats have 
long been a problem for computer users. 
It's not uncommon to find several dif- 
ferent database programs being used 
within a single organization, all gener- 
ating incompatible data. If we're to be- 
lieve industry watchers and prognosti- 
cators, however, this problem will be 
solved by making Structured Query 
Language (SQL) the standard. 

Although SQL is just a language for 
querying and communicating with data- 
bases, it requires a standard SQL "en- 
gine," or data format, to be used effec- 
tively. "The real promise of SQL is the 
portability of files and indexes," pio- 
neering computer designer George 
Morrow told Microbytes. "If you follow 
the rules of SOL, everyone can use the 
data.” The problem, however, is that 
very little data is currently in SQL for- 
mat. "Unfortunately," said Ansa Soft- 
ware's cofounder Rob Shostak, “most 
of the world’s data resides in flat files 
accessed by COBOL programs.” 

SQL may indeed be the next stan- 
dard. But how long will this standardiza- 
tion take? And how will it affect data- 
base developers? With Oracle's recent 
announcement of an SOL add-in pro- 
gram for Lotus 1-2-3, SQL products for 
the PC are becoming a reality. Mi- 
crorim also has announced SQL sup- 
port, but the new version of R:base im- 
plements only some SQL commands and 
has no provisions for transferring files 
between R:base and SOL. According to 
Morrow, R:base users “will be greatly 
disappointed" when they discover that 
their files are still incompatible. 

Shostak told Microbytes that Ansa is 
working on a version of Paradox that 
will accept data from SQL databases 
by providing a "seamless" translation of 


Paradox queries into SQL. “What 
users really want to do is access SQL 
data with commands they already 
know," Shostak said. But do MIS man- 
agers want microcomputer users to be 
able to modify or update mainframe 
databases? In a survey of Fortune 500 
companies, “many executives said they 
don't want micro users to be able to 
update the mainframe,” said Shostak. 
Ansa is debating whether to provide a 
mechanism for exporting data from Par- 
adox back into SQL databases. 

Another problem is performance. 
According to Morrow, the main bottle- 
neck in current PC database products 
is I/O. “SQL will be even slower, be- 
cause the bottleneck is the CPU. SQL 
is highly interpretive. SQL gives you a 
nice language, but the price you pay is 
that it’s CPU-bound,” said Morrow. 
Morrow's company, Intelligent Ac- 
cess, has been developing SQL inter- 
faces that are built into the hardware of 
disk controllers. 

Of course, Ashton-Tate is also 
working on SQL products and has hired 
several experts in the field. Industry 
speculation has A-T acquiring a com- 
pany with SQL expertise. But accord- 
ing to Oracle’s marketing director, Gene 
Shklar, the first player to drop out of 
the SQL game will be A-T. “They sim- 
ply don't have the technology to com- 
pete with us," he claimed. Shklar said 
that products like dBASE III, R:base, 
and Paradox are not based on the SQL 
model and therefore can offer only par- 
tial support of SQL. 

[n any case, no standardization takes 
place overnight. In the meantime, we'll 
have to thrash away at incompatible 
data files and put up with converting to 
ASCII format. 


New Approach Will Make Scanners Smaller 


Scanners will begin to change over the 
next 2 years as manufacturers adopt al- 
ternative technologies. The approach 
that looks to be the scanner technology 
of the future is called “contact image 
sensor.” It should enable manufacturers 


to design scanners that are much more 
compact, much less expensive, and have 
much less image falloff than anything 
on the market today. One thing that 
makes today's charge-coupled device 


coniinued 


Nanobytes 


We'll resist unfair comparisons 
to glasnost, but IBM opened its 
doors a bit following published 
reports regarding PS/2 Model 50s 
showing up DOA, The company 
invited writers from several com- 
puter publications to its offices 
in White Plains, NY, to correct 
what it says are “misstatements” 
in the press. One person was 
quoted in à prominent news 
weekly as saying that 40 percent 
of the Model 50s he had ordered 
arrived defective; but IBM offi- 
cials said that the quoted person 
never ordered even one Model 50. 
We've heard about some minor 
problems with the machines but 
have yet to find the rumored 
graveyard.... Speech Systems 
Inc. (Tarzana, CA) is investigat- 
ing the use of a phonetics-based 
speech-recognition system to 
help improve the language abilities 
of people with hearing disabil- 
ities. The study is funded by the 
U.S. Department of Education. 
SSI's Phonetic Engine converts 
speech to phonetic codes; the 
approach is based on phonemes 
(basic elements of speech) rather 
than on whole words. . .. Quintus 
Computer Systems (Mountain 
View, CA) is testing a version of 
its Prolog compiler for 80386- 
based computers. Quintus Prolog 
adheres to Edinburgh syntax and 
provides a complete split-screen 
development environment with 
full-screen editor, incremental 
compiler, debugger, on-line 
help, and interfaces to C, FOR- 
TRAN, and Pascal. The split 
screen puts source code in the 
upper window, while Prolog ex- 
ecutes in the lower window. ... 
Teknowledge (Palo Alto, CA) is 
bringing its Copernicus expert- 
system environment to the MS- 
DOS world. The “knowledge en- 
gineering tool" runs under 
Microsoft Windows on 286- or 
386-hased computers and uses a 
continued 
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DOS extender to allow execution 
in protected mode. A company 
official told us that this version is 
aimed at programmers who want 
to do the development work on an 
IBM PC and port it to a main- 
frame or use the micro as an "in- 
telligent terminal." ... The new 
24-bit Mac II display card from 
Jasmine Technologies (San 
Francisco, CA) uses “extensions” 
to the Mac QuickDraw routines 
to make it possible for existing 
programs to be compatible with 
the device. The software for the 
Rembrandt II and III cards cem- 
ploys the PICT2 format used by 
QuickDraw, enabling you to 
paste an image to the Clipboard 
and then copy it into any applica- 
tion. The card is designed around 
custom gate arrays but makes use 
of the Texas Instruments 34010 
graphics processor.... Having 
shipped its Pegasys 1 CAD pro- 
gram for the Macintosh, IGC 
Technology (Walnut Creek, CA) 
plans two more Mac CAD 
packages. Pegasys Expert, slated 
for this quarter, will add “true 
3-D, macros, more menus," and 
more, said an IGC official. 
Pegasys II will run on the Mac II 
in full color and take advantage 
of that box's 68881 numeric co- 
processor.... Hewlett-Packard 
(Palo Alto, CA) plans to release its 
workstations based on Motor- 
ola's 68030 in mid-1988. The new 
members of the HP 9000 Series 
300 line will be object-code-com- 
patible with HP-UX. An 030 up- 
grade board will be available for 
the older, 68020-based models 
330 and 350, HP said... . This 
WORM does not crawl. Micro 
Design (Winter Park, FL) said it 
has speeded up its LaserBank 
800 WORM drive by replacing its 
8-bit host adapter with a 16-bit 
device. Claimed DOS throughput 
is now 90K bytes per second. 
The $9995 unit can hold 800 
megabytes of data.... Now 

there are mondo characters. 
Worthington Data Solutions 
(Santa Cruz, CA) has released à 
package that lets an HP LaserJet 
Plus-compatible printer print 
characters 2 inches tall, or what 
type-shop types would cal! 153 
points. License cost for BIGfont 
is $159... . Researchers at the 
California Institute of Technol- 


continued 
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(CCD) based scanners so bulky and ex- 
pensive is the reduction optical system 
that requires an optical path—that is, the 
distance between the scanned docu- 
ment and the CCD sensing array—of 
nearly 400 millimeters. Most scanners 
aren't that thick because a series of mir- 
rors and lenses is used to reduce the 
optics. Adding to the bulk and cost is a 
reflection source, usually a fluorescent 
lamp. 

Contact image sensors, however, 
have a maximum optical path of not 
more than 50 mm and replace a bulky 
lamp with a strip LED array. In a typical 
contact image scanner, the paper origi- 
nal travels beneath two sets of LED 
arrays positioned roughly at 45-degree 
angles above the paper. The light that 
shines down on the paper is reflected 
up at 90 degrees through a rod lens array 
before reaching the photosensor array. 

Contact image technology is gener- 


ally viable right now, but scanner 
makers say it currently costs about 3 
times more than the more commonly 
used CCD approach. Contact image 
has its limitations as well. The dynamic 
range, for instance, is restricted to 6 
bits (64 levels) of gray, while it's possi- 
ble to push CCD to 8 bits, and even to 
i0 bits in some cases. 

How long before contact image sen- 
sor technology makes its presence felt? 
A representative of one scanner com- 
pany predicted that within 12 months, 
contact image sensors will be just as 
cost-effective as CCD, and within 18 to 
24 months, it will be more cost-effec- 
live. Most major scanner manufacturers, 
including Datacopy and Dest, admit 
that they are tracking the technology and 
say they will have contact image-based 
products, perhaps in the form of 8'4- 
inch hand-held page scanners, ready 
when the market wants them. 


You, Too, Can Build a VGA Board 


Want to enter the fast-growing graph- 
ics-board business? Two companies want 
to help you by offering a "manufac- 
turer's kit" that they say will provide 
everything you need to build a VGA- 
compatible graphics board for the IBM 
PC 


Award Software (Los Gatos, CÀ) is 
supplying the BIOS and the design for 
the card, while Cirrus Logic (Milpitas, 
CA) brings the VGA-compatible chips. 
Cirrus, which provides VGA chips to 
companies such as Video Seven, claims 
that its two-part chip set is the only 
VGA-compatible set currently available. 

Like many announced VGA cards, 
the Award/Cirrus beard design features 
VGA, EGA, CGA, and Hercules com- 
patibility, plus support for both the new 
analog rnonitors and the older digital 
TTL monitors. The board also features 
autoswitching between the graphics 
modes. Other enhancements include an 
800- by 600-pixel by 16-color mode, 
support for a mouse in hardware, and 


performance that Cirrus claims is 4 
times that of the IBM EGA. 

According to Award, people who 
purchase the $5000 manufacturer's kit 
will be able to begin selling the board 
in 30 days. The kit includes an evalua- 
tion board, schematics, film for mak- 
ing the boards, manufacturing instruc- 
tions, the text for an owner's manual, 
and two color photographs for marketing 
literature. According to Award, even 
FCC certification has heen taken care 
of; the board design has passed the cer- 
tification requirements, and getting à 
new version of it certified is a mere 
"paper formality,” the firm said. 

Award and Cirrus said that several 
manufacturers, including some monitor 
makers, should have versions of the 
board ready to ship by now for retail 
prices of $400 to $500. One manufac- 
turer is even toying with the idea of bun- 
dling the board with a new desktop- 
publishing package; the board would 
provide high-resolution text. 


Air Force Takes Tip from PC Industry 


In a radical departure, Air Force plan- 
ners have decided to base the next gener- 
ation of USAF fighters and bombers 
around open-architecture hardware, an 
approach that they admit has proven 
successful in the personal computer in- 
dustry. According to Lt. General Bill 
Thurman, commander of the Air Force's 
Aeronautical Systems Division 
(Wright-Patterson Air Force Base, OH), 
future aircraft will incorporate inter- 


changeable printed circuit cards, like 
those in an IBM PC, instead of dedi- 
cated "black boxes" that have been used 
for the past few decades. 

“Instead of contracting for a com- 
pany to build an entire specialized radar 
set," Thurman said, “we'll contract 
for comumon cards." The approach, 
which the Air Force refers to as "mod- 
ular avionics,” is nol new, although the 

continued 
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ogy (Pasadena, CA) used a Macin- 


tosh I] to control an experiment 
that measured chemical reaction 
times occurring in femto- 
seconds. (Light travels from here 
to the moon in about one second; 
in a femtosecond, ligbt wouldn't 
even make it across the width of 
a human hair.) The Mac manipu- 
lated a data-acquisition system 
and a laser actuator controller, 
under a program written in 
LightSpeed C by research fellow 
Mark Rosker.. .. Hecht-Niel- 
sen Neurocomputer Corp. (San 
Diego, CA) has developed soft- 
ware for helping a neural network 
system learn patterns. AR/NET, 


in conjunction with the company's 


Anza add-in board for the IBM 

PC and compatibles, uses a mas- 
sively parallel structure to recog- 
nize a learned pattern immediate- 
ly. "Regardless of the number of 
patterns the network has learned, 
it can respond to any pattern it 


has learned,” said company presi- 


dent Robert Hecht-Nielsen. The 
software can be set to signal the 
user when it encounters a pattern 
it doesn't understand. . .. Mac 
users can share PostScript fonts 


residing on a network with a print- 


ing utility from Olduvai (South 
Miami, FL). “The display fonts 
are the only ones that need to be 
present on the user's machine. 
The utility can find and down- 
load the PostScript font to the 
PostScript printer," said Olduvai 
president Juan Chotsourian. Font- 
Share costs $295 per network 
and is compatible with networks 
such as TOPS, AppleShare, 


MacServe, and HyperNet. . . . It's 


a Compaq 286 controlling the 
four robot-controlled cameras 
NBC now aims at Tom Brokaw 
on the Nightly News.... And 
now it's time for Digital Exer- 
cise! International Component 
Manufacturing gets our Who'd- 
a-Thought-It? award this month 
for its Exer-flex "exercise 
putty.” The silicone-based putty 
“strengthens fingers and reduces 
operator fatigue among computer 
users," the company says. It can 
even improve your digital dexter- 
ity and reduce tension, ICM 
claims. Now we're awaiting little 
spandex leotards for our fingers 
to wear while exercising. 
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Air Force's decision to support the 
concept is. 

“We want to develop architectures 
that will integrate avionics to cut weight 
and costs," Thurman explained. "By 
using highlv specialized cards that have 
very high speed integrated circuits, 
which are just starting to become avail- 
able, we will reduce a 50-pound air- 
craft data processor to a 3-pound com- 
puter on a card.” 

Among the planes that will incorpo- 
rate open architectures are the Advanced 
Tactical Fighters, which are the follow- 


ons to the current generation F-158 and 
F-16S, and the Advanced Technology 
Bomber (the "Stealth" homber). Thur- 
man, who is often referred to as “the 
architect of the Air Force of the twenty- 
first century,” told Microbytes Daily 
that some current planes, including pos- 
sibly the F-16, will be retrofitted with 
modular avionic systems “wherever ap- 
propriate,” adding thal "we just won't 
rip out the avionics of an F-16 for the 
sake of doing it.” He sees modular avi- 
onics as a great opportunity for all card 
manufacturers, 


Valdocs Lives, New Owner Says 


Veteran microcomputer users may re- 
cal! TPM, the Valdocs text management 
and operating system that runs on the 
old Z80-based Epson QX-10 and QX- 
16. Rising Star Industries, the devel- 
oper of Valdocs, went bankrupt about 2 
years ago, leaving Valdocs at version 3 
Plus. However, a small company called 
Interface Solutions (Yuba City, CA) 
has acquired the assets of Rising Star 
and plans to eventually release new 
products based on Valdocs. 

Don Soegaard, president of Interface 
Solutions, told Microbytes Daily that the 
company's first project is porting Val- 
docs 3 Plus to a single-board 7280 com- 
puter, which will plug into the QX-10 
or QX-16. The Z280 is a 16-bit version 
of the 8-bit Z8Ü and has performance 
characteristics comparable to an 80286, 
according to Soegaard. The Z280 
board will have up to 3 megabytes of on- 
board RAM, a SCSI port, serial and 
parallel ports, and an internal bus to 
allow additional card-to-card interfaces 
for a floating-point processor or more 


RAM. The Z280 version of Valdocs 
will initially be very similar to version 3 
Plus, but it will support electronic mail 
in the background, using the Epson's 


, on-board Z80 for that purpose. 


The next step will be to rewrite Val- 
docs in C and port it to MS-DOS and 
OS/2, said Soegaard. Valdocs is writ- 
ten in Z80 assembly language and in 
Forth. Soegaard said the rewritten ver- 
sion will include a relational database. 
an expanded indexing system, and a 
new editor, which will be ‘‘a stand-alone 
desktop-publishing system.” 

Soegaard emphasized that Valdocs 
will be a starting point for a greatly ex- 
panded software system. "Unfortu- 
nately, the concept of Valdocs was to- 
tally lost, because it was too slow on 
the Z80 and was released with a lot of 
bugs." Soegaard said he believes that 
there is still a place for the Valdocs inter- 
face, and he estimates that there are 
some 50,000 QX-10 users. Interface 
Solutions welcomes inquiries from 
OEMs and software developers. 


Ethernet Inventor Speculates on Future 


LANscape 


By the year 2000, the local-area net- 
work (LAN) scene will consist of four 
standards, Ethernet inventor Bob Met- 
calfe told an audience recently. Met- 
calfe, who is a vice president at 3Com, 
said the surviving quartet will consist of 
AppleTalk, IBM's Token Ring, Ether- 
net, und FDDI (Fiber Data Distributed 
Interconnects}. 

"^ You might have believed that I 
would say that Ethernet should be the 
only LAN, and I admit that that argu- 
ment does have a certain charm," he 
said, “but that won't be the case.” 
Metcalfe predicted that Ethernet will re- 
main the predominant LAN standard, 
since 500,000 Ethernet connections are 
currently in use today, and, he said, 


3Com is shipping about 30,000 connec- 
tions per month. 

AppleTaik's advantages, said Met- 
calfe, are that it is the easiest LAN to in- 
stall and it is built into the Macintosh. 
Its biggest drawback, he added, is its 
slow speed, especially when the LAN 
consists of more than four Macs; never- 
theless, it wil] be around for the next 
12 ; 

Metcalfe characterized Token Ring 
technology as old (about $ years behind 
Ethernet, he said) and slow (with data- 
transfer specifications of 4 megabits per 
second, as compared to Ethernet's IO 
megabits per second). IBM has been 
hurt by the comparison, Metcalfe said, 

continued 


Some of the world's biggest 
problems are being solved with 
a touch of Smalltalk. 


The French Ministry Abroad and involved 

of Foreign Affairs iS » : 

responsible for keeping iN foreign affairs. 

— of every Peh. citizen living abroad and every foreigner living in France. Each day, 
process thousands of requests for documents or information, each one of which takes 
ast fifteen minutes. Arthur Andersen, the world’s langes! accounting og firm, has developed 

= errit, language ee Te EM with Smalllaik/ V that enables clerks without 

computer traning lo extract the necessary data much faster Thanks to Smailtaik and 
system developers Bart Schutte and Pascal Wattiaux, what once took fifteen minutes now 

lakes 30 seconds. Vive fa Smalltalk! n 


On the ground 
floor of high-tech 
environmental control. c» enenn 


fire and security are all critical T uf enpimnmental 
control in large office husidings, The challenge for Johnson Gnimis, 
a leader in this industry, is lo pyovide a cmtmi system that is both 
technologically advanced and simple io operate. Using Smalltalk! V 
Research Scientists Gene Korienck and Tom Wrensch have created a work 
space envionment that allows rapid pruotyping and modeling af future 
systems. Al Johnson Controls this system ts used to explure relationships between 
nitive models of building operators and coresponding iconic representations 
of building components, Each system can then be tested by simply clicking 
@ mouse and niewig the results in sophisticated color graphics on a PC 


The world is made of objects. So 


naturally, the world is tuming to Object- 


Oriented Programming (OOPS). And 
the fastest, easiest OOPS language and 
environment is Smalltalk/ V. 


short amount of time. Perfect for pro- 
grammers who are looking for a fast, 
efficient prototyping environment. And 
anyone who wants to quickly and easily 
learn OOPS. 


on the next generation 0$/2 operating 
system as well as DOS. 


Get Smalltalk for a small price. 


Smalltalk /V sells for just $99.95. 
Smalltalk / V286 is $199.95. The follow- 


eR fied yeu program by defining Introducing Smalitalk/ V286. ing optional applications packs are 

reati and P Our newest available for $49.95 each: Communi- 
their behavior. eR version of Small- cations; EGA/VGA Color, Goodies 
Objects can repre- - | talk offers faster — ttl, Goodies #2, Carleton Tools and 
sent both real- and more power- Goodies #3, Carleton Projects. 
word entities J ful OOPS capa And everything comes with a 60-day, 
— people, i | bilities. We've money-back guarantee. 
places,things | one from 16 to So visit your nearest dealer. Or call 
— as well as 2-bit architecture. toll- free, 800-922- 8255 and order direct 
useful abstrac- From 640K to16 with MasterCard or Visa. Or write to 
tions such as MB capacity for — Digitalk, Inc., 9841 Airport Blvd., Los 
stacks, sets 25 times the Angeles, CA 90045. 
and rectangles memory, And _ And let us help you put Smalltalk 
Smalltalk / designedittorun into action. 
provides every- 
dung kre za With Smalltalk, 

a "it ELEM no» i» dun pers Ë 
yea ee Teaching students to exci ng applications Eamon Professor A molt 
: ' $ ü IHUETSI "Histon develupec 
cluding a com- — think economically. lema PC Discovers World m" intelipent 
prehensive tutorial Iuloring system for beginning micieconomagcs students. Using a mouse to access windows 
to get you started. and manipulate data, a student can call up a set of markets and commodities for an 
imaginary vr V n changing the scenario, the shadent can not only study a variely 

Who needs of markei behaniors, bul also test the validity af his or her oum masoning, A process 
Smalitalk? thai provides a lot of food for thought. 


Because Smailtalk models the way 
people really think, it is perfect for 
scientists, engineers and professionals 
who have to solve tough problems in a 
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as evidenced by “the great lengths which 
IBM has tried to prove that 4 is greater 
than 10.” He alluded to IBM published 
documents stating that Ethernet oper- 
ates at only 20 percent of specification, 
which comes to about 2 megabits per 
second. “It is convenient that 4 is bigger 
than 2,” he said while denying the 

IBM claims. In reality, Ethernet oper- 
ates at more than 90 percent of specifi- 
cation, or more than 9 megabits per sec- 
ond, he said. 

At more than $10,000 per worksta- 
tion, fiber-based FDDI networks cur- 
rently are cost-prohibitive for most sys- 
tems, Metcalfe said. But by the year 
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2000, lower costs, improved technol- 
ogy, and greater user needs will make 
FDDI much more common. One rea- 
son FDDI will become attractive is that 
the average LAN in the year 2000 will 
be carrying at least 10 megabits per sec- 
ond, as compared to today's average of 
about 1 megabit per second. "Ten-mega- 
bit Ethernet is empty today but will fill 
up by 2000," Metcalfe said. "By that 
time, FDDI will be there.” 

Among the LANs that should not be 
in the repertoire, Metcalfe said, are 
AT&T's StarLAN and the proposed 
IEEE 16-megabit-per-second Token 
Ring standard, both for reasons relat- 


Transputer Board Boosts Sun to 640 MIPS 


A new Transputer-based board from 
Topologix (Denver, CO) converts Sun 
workstations to parallel processing 
supercomputers. The Topology 1000 


board features four 32-bit INMOS 
T800 Transputers, each with its own 
memory array, which gives each board 
a peak performance of 80 reduced-in- 
struction-set computer (RISC) MIPS 
(million instructions per second). 

A maximum of 64 megabytes of 


Let's get right to the point! Now you can use your WordPerfect withour a remplare. Wirh our Sott- 
ware Integrated Keyboard, all WordPerfect commands are printed in color-coded multi-legends. 


high-speed dynamic RAM can be used 
per board. You can connect up to eight 
boards to a standard Sun workstation 
(via a simple wiring harness), yielding 
a peak performance of 640 RISC MIPS, 
the equivalent processing power of 40 
or 50 68020s, Topologix claims. 

"The Topology 1000 is basically an 
accelerator board for the Sun," Topolo- 
gix president Jack Harper told Micro- 
bytes Daily. "But it gives you a lot more 


ing to lack of performance. StarLAN, 
which currently operates at 1 megabit 
per second, “will not be a major 
player," while the IEEE's 16-megabit- 
per-second proposal “does not offer a 
big enough [performance] advantage,” 
Metcalfe said. 

Metcalfe obviously has his prefer- 
ences about which LANs should be 
around at the tura of the century, but 
he is realistic enough to know that there 
will be more than just four LAN envi- 
ronments. *The risk is that there will be 
too many members of the repertoire by 
2000," he said, "not that there won't be 
enough." 


horsepower than an average accelerator 
board.” To illustrate the board's capabil- 
ities, Topologix ran the standard pro- 
gramming problem that determines the 
most efficient (in terms of time and 
money) travel plans for a sales rep visit- 
ing 12 cities. According to Harper, a 
standard Sun-3 takes 15 hours to solve 
the problem, while the same worksta- 
tion with one Topology board takes 20 
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minutes. When the workstation has to Unix system calls. sible for processing in individual grid 
four Topology boards, the problem is A non-bus-oriented architecture, in areas. However, he said, the system can 
solved in 5 minutes, he said. which all elements are linked, permits also be turned into a tree machine for 
The system has paralle] Common construction of computer networks of other applications. 

LISP software (which supports parallel arbitrary size and topology. The result- Topologix will be targeting the 
processing applications) and an ex- ing flexibility is one of the board's Topology 1000 at “general-purpose” 
tended C compiler (for parallel numeric strong points. On one hand, Harper markets—simulation, image process- 
applications). It also provides a Unix said, you can overlay a grid onto an ing, and so on, Harper said. The board 


interface that permits Lisp and C access image, making each Transputer respon- 


is available for “about $500 per MIP.” 


Some Mac Developers Not Following Rules, Apple Says 


Software developers who take short- Apple has said to developers "that if 
cuts when writing programs for the Mac- — they follow the rules of Inside Mac, 
intosh may be getting by with it for the they won't have any problems, and we 


time being, but those shortcuts are mean it," he said. “But not all of them 
short-sighted, Apple software engi- have listened to us, and they are going to 
neers told Microbytes Daily. have to recode in the foture. " 

“If a programmer has adhered to én- How serious is the problem? Ac- 
side Macintosh rules,” one Apple cording to another engineer, only about 


spokesperson said, “the software can 15 percent of all Mac programs tested 
very easily be ported to run under future — followed the /nside Mac mies. With 
versions of the Mac operating system. " about 50 percent of the programs, only 


slight edits and recompiles will be re- 
quired to operate properly in the fu- 
ture. The remaining 35 percent will need 
significant work, however. 

The Apple engineer pointed to 
Microsoft's Excel as an example of one 
program that hasn't adhered to the Mac 
rules. "The version of Excel you buy 
today won't run under the Mac oper- 
ating system 2 years from now," he 
claimed. 


TECHNOLOGY NEWS WANTED. The news staff at BYTE is always interested in hearing about new technological and 
scientific developments that might have an impact on microcomputers and the people who use them. We also want to keep track 
of innovative uses of that technology. If you know of advances or projects that involve research relevant to microcomputing and 
want to share that information, please contact us. Call the Microbytes staff at (603) 924-9281, send mail on BIX to Microbyres, 


or write to us af One Phoenix Mill Lane, Peterborough, NH 03458. 


18 BYTE: MARCH 1988 


ORDERING INFORMATION 


FREE SHIPPING. Orders within the USA (including 
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our Technology i: 
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is charged when your order is shipped Mail orders 
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products. Cal for more information. 
quirements, version numbers, diskette sizes, and | SOUND ADVICE. Our knowledgeable technical staff 
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compiler or hardware interface(s). Send mail orders 
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Technology 


Everex, one of the leaders in graphics 
technology, offers a complete line 

of advanced graphics adapters for 
IBM PC™/XT™/AT® and compatibles. 
Application-Specific Integrated Circuits 
(ASIC) designed by Everex, have led 
to the quality, features, price and 
performance of these products. 
Choose the graphics adapter to suit 
your needs and start enjoying the 
Everex difference today! 


EVGA™ 

* True VGA on PC/XT/AT and 
compatibles 

* 256 simultaneous colors from over 
456,000 

* All 17 VGA modes implemented in 
hardware 

è Runs VGA, EGA, CGA, MDA and 
Hercules® software 

* Supports PS/2, multifrequency, EGA, 
CGA, and monochrome monitors 

* 512 x 480 with 256 colors for 
true color video applications 

æ Special 1280 x 600, and 800 x 600 
modes 

* 132 column text modes 
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Enhancer" 


* High resolution EGA 

è Compatible with IBM* EGA 

* Supports automatic mode switching 

* Extended EGA modes 752 x 410 
and 640 x 480 

è 132 x 44 and 132 x 25 text modes 

* Supports multifrequency, EGA, CGA 
and monochrome monitors 

e Can run Hercules software on an 
EGA monitor 

* Includes feature adapter and RCA 
jacks 

* Very attractively priced 


EVEREX, EVER for EXcallance, Évargraphics Pius, EVGA, Evergraphics Deluxe, Ultra Graphics, Micro Enhancer, RamFont, IBM, PC, 
PC/XT, POAT, P5/2, Hercules and Microsoft are trademarks and registered trademarks of thair respective companies. ©1687 Everox 


Systema, inc. All rights reserved. 
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Graphics” 


* Very high resolution monochrome 
graphics adapter 

* 1664 x 1200 resolution 

* |deal for desktop publishing 


* Microsoft® Windows driver included 


* Perfect for CAD applications 

* AutoCad driver included 

e Non-interlaced display 

* Supports PGS 15” and Moniterm 
19" high resolution monitors 

* Co-exists with standard video 
adapters 

* ROM BIOS to allow single display 
operation 


For more information or for the name 
of your nearest Everex dealer please call: 
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Evergraphics 
Deluxe 


* Supports standard monochrome 
monitors 

* High resolution 1024 x 704 and 
1024 x 352 graphics modes 

® AutoCad® drivers included 

a Compatible with Hercules 
RamFont"* modes 

* Displays foreign language, scientific, 
math characters instantly 

* Powerful, easy-to-use font editor 

* Over 3,000 characters in RAM 
simultaneously 

e Runs standard monochrome 
software without modification 

* 132 x 44 and 132 x 25 text modes 


i us 1-800-821-0806 
n cai 1-800-821-0807 
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Evergraphics 
Plus™ 


* Low-cost monochrome graphics 
adapter 

* Compatible with Hercules graphics 

* Fast scrolling 

* 132 x 44 and 132 x 25 text modes 

* Configurable parallel port 

* MDA text compatible 

* Works with standard monochrome 
monitors 


Ever f Jue — 
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FEA Concerns 

Nicholas M. Baran’s article, "ANSYS- 
PC/Linear and MSC/pal 2" (November 
1987), failed to focus appropriately on 
the critical issues in the evaluation of a 
professional-level IBM PC finite-element 
analysis (FEA) system. The report was 
highly subjective and unjustifiably biased 
toward MSC/pal 2. 

Let me begin by stating that I am not 
without my own biases. I work for a 
mechanical engineering consulting firm 
that provides training and technical sup- 
port to users of the ANSYS program. AI- 
though Mr. Baran did note several of 
MSC/pal 2's deficiencies—limited prob- 
lem size capacity, lack of an adequate 
element library, and so on—he tended to 
dismiss these critical factors as unimpor- 
tant. On the other hand, he took every op- 
portunity to minimize ANSYS-PC/Lin- 
ear's superior features (e.g.. interactive 
modeling capability, advanced analysis 
options, and upward compatibility with 
the mainframe version). 

Mr. Baran stated that ANSYS-PC/Lin- 
ear is a more expensive program than 
MSC/pal 2. This is true. However, in PC 
FEA, you do indeed get what you pay for. 
The degree of sophistication and com- 
plexity of professional-level FEA code is 
at least an order of magnitude above com- 
mon PC-based applications. The absence 
of an element as basic as a three-dimen- 
sional solid in MSC/pal 2 is a serious li- 
ability. We live in a world composed of 
three-dimensional solid objects; to model 
them effectively often requires a continu- 
um element of this type. 

Mr. Baran claimed that time-to-solu- 
tion on similer analysis problems was 
equivalent for both programs. He did not 
elaborate on the type of problem he 
solved; he stated only that the model 
contained 2000 degrees of freedom. 
ANSYS-PC/Linear uses a wave-front 
solution method, influenced by element 
rather than node order. If you don't know 
the value of the maximum wave front in 
the model, the number of degrees of free- 
dom is largely irrelevant. Numerous 
benchmark studies have shown that 
ANSYS-PC/Linear has the fastest time- 
to-solution of any MS-DOS finite-ele- 
ment program. 

Mr. Baran raised the issue of ease of 
use and learning. It seems he based his 
entire evaluation upon the single user's 
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manual in his possession. Each ANSYS- 
PC/Linear lease or purchase includes 
training credits for an introductory semi- 
nar on using the program. Apparently 
Mr. Baran did not avail himself of this 
opportunity, He stated that ANSYS- 
PC/Linear is difficult to learn. I have to 
ask, relative to what—a spreadsheet? a 
word processor? We are talking about 
learning to effectively use a powerful en- 
gineering analysis tool; to use it properly 
requires an investment in time and effort. 
One of the most serious deficiencies in 
Mr. Baran's review is his dismissal of 
ANSYS-PC/Linear's interactive model- 
generation capability (which MSC/pai 2 
lacks). He states, "The interactive mode 
is Most suitable for issuing a few on-line 
commands to obtain a plot or a small list- 
ing. For creating a moderate-size model, 
I found it much easier to prepare the input 
file using a text editor and then to run 
PREP? in batch mode using my input 
file.” To prefer working in batch mode 
when an excellent interactive capability 
exists (with on-line help, immediate plot- 
ting, and error correction) is insane. I 
wonder if Mr. Baran prefers shaving in 
the dark—that's what it feels like to 
create an FEA model in batch mode. 
Now that ['ve gotten all that off my 
chest, let me say that Mr. Baran's criti- 
cism regarding difficulty in obtaining a 
hard copy in ANSYS-PC/Linear was en- 
tirely valid. However, Version 4.3 of 
ANSYS-PC/Linear is now available, and 
its new vector display mode option com- 
pletely corrects this problem. 
Victor R. Urbach 
Westbury, NY 


i stated in the article that. ANSYS- 
PC/Linear is the more capable and flex- 
ible product. On the other hand, I think 
it's a bit presumptuous to claim that the 
"degree of sophistication and complexiry 
of a professional-tevel FEA code is at 
feast an order of magnitude above com- 
mon PC-based applications. " it all de- 
pends on what you pian to do with the 
program. And though we do live in a 
three-dimensional world, a great many 
problems can be solved in two dimen- 
sions with beam or plate elements. 

In ihe years 1 worked as an engineer 
perjorming stress analyses of mechanical 
and structural components, T would say 
80 percent of ihe problems inyolved beam 


and plate elements rather than solid ele- 
ments. Many of these types af problems 
can be solved accurately using MSC/pal 
2 as well as ANSYS-PC/Linear. 

Since MSC/pal 2 does not use a wave- 
front equation solver, the value of the 
maximum wave front does not help us 
compare performance. Í intentionally 
avoided atiempring a formal benchmark 
because of the different solution meth- 
ods. My own experience in running iden- 
tical problems on both programs was that 
their performance is roughly equivalent. 
And let's face it, whether if takes 40 imin- 
utes on one or 486 minutes on the other, 
both programs are pretty slow on an IBM 


Let's not confuse a program's ease of 
use wirh the process of learning and ap- 
plying the concepts of finite-element 
analysis. While a great deal of training 
and education are invelved in applying 
FEA competently, there is no reason why 
the user interface of a program like 
ANSYS-PC/Linear should be so complex. 
There is no reason that a beginning user 
should have ta spend hours leafing 
through the manual trying to figure out 
how to generate a mesh pattern. 

Im sorry, but all the finite-element 
programs I've seen, including MSC/pal 
2. could benefit fram improved user in- 
jerfaces. There is no reason why engi- 
neers Should have to continue fo put up 
with terse command languages and for- 
bidding documentation. 

Finally, 1 stand by my evaluatian of 
ANSYS-PC/Linear 's interactive modeler. 
No, I don't like shaving in the dark, but f 
also don't like shaving wirh a dull blade. 
I still maintain thar the interactive mod- 
eler is extremely difficult to use. Perhaps 
with a training course, my attitude would 
change, but Í was evaluating the program 

continued 


LETTERS POLICY: When submitting a lel- 
ter for publication, double-space it on one 
side of the pauper and include your name and 
address. Express your comments and ideas ax 
clearly and concisely as possible. We can 
print listings and tables along with a letter if 


they are short and legible. 

Because we receive hundreds of letters 
each month, we cunnor publish ail of them, 
We cannor return letters r0 authors, Gener- 

| ally. it takes Jour months from the time we re- 
ceive a fetter until we publish ir. 
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C PROGRAMMERS- 
We asked what you 
wanted in a database 
development system and 
we built it! 
db. VISTA IIT" is the database development system for 
programmers who want powerful, high performance 
DBMS capabilities ... and in any environment. Based on 
the network database model and the B-tree indexing 
method, db. VISTA III gives you the most powcrful and 
efficient system for data organization and access, From 
simple file management to complex database structures 
with millions of records. db. VISTA Ill runs on most 
computers and operating systems like MS-DOS, UNIX, 
VAX/VMS and OS/2. It's written in C and the complete 
source code is available, so your application perfor- 


mance and portability are guaranteed! With db. VISTA 


II] you can build applications for single-user microcom- 


puters to multi-user LANs, up to minis and even main- 
frames. 


he db. VISTA IIT” Database Development System 


| db . VISTA", The High Performance DAMS 

ie major fransen include a Ac«cununic library of over OQ rum ens 

Multi-user xuppurt fbr LANs and multus * Operating »yoitma: MNES, UNIX V 
uires NONIN VMS, OWI 

MAS dase DALER » C Compllcrs: Latice, Micrakorr, 1h- 

Filc and record foi Avice Comput Innovation, Turbo C. 

Automatic database n XPNIX, 3nd UNIX. 
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RAIMA'S COMMITMENT TO YOU: No Rovalties, Source 
Code Availability, 60 days FREE Technical Support and 
our 30-day Money-Back Guarantee, Extended services 
available include: Application Development, Product 
Development, Professional Consulting, Training Classes 
and Extended Application Development Support. 


HOW TO ORDER: Purchase only those components 
you need. Start out with Single-user for M5-DOS then 
add components, upgrade ,., or purchase Multi-user 
with Source for the entire db. VISTA iH System. 

It's easy... call toll-free today! 


db VISTA III" Database 
Development System 


db VISTA II! * $595 - 3960 
db QUERY ' $595 - 3961 
db. REVISE ` $505 - 3960 


db | VISTA: File Manager 


We'll answer your questions, help 
determine your needs and get you started, 


` CALL TODAY! me 
$9 1-800-db-RAIMA XR 
(that's 1-800-327-2462) 


RAIMA 
CORPORATION 


3055 112th Avenue NE., Bellevue, WA 98004 (206)828-4636 
Telex: G503018237MCIUW FAX.: (206)H28-3131 


Starta at $195 


BY38 


Attention alf FX80, FX100, JX, RX, & MX owners: 


You already 
a great printer 


Now for $79.95 you can own 
the rest. You see, today's new dot 
matrix printers offer a lot more. 

Like an NLQ mode that makes 
their letters print almost as sharp as 
a daisy wheel. And mode switch- 
ing at the touch of a button in over 
160 styles. But now, a Dots-Perfect 


own half of 


upgrade kit will make your printer 
work like the new models in min- 
utes— at a fraction of their cost. 
And FX, JX and MX models will 
print the IBM character set, too. 
So, call now and use your Visa, 
MasterCard, or AmerEx. Don't 
replace your printer, upgrade it! 


1-800-368-7737 


(Anywhere in the United States or Canada) 


Sample of 
heather with 
Don-Perhect 


Dots-Perfect 


Sample of 
fete: whoul J 
Dots Perfect 


*Dresselhaus 
8560 Vineyard Ave., Ste, 405, Rancho Cucamonga, CA 91730 


An upgrade kit for EPSON FX, JX, RX, & MX printers 


(714) 945-5500 
LEST D a Reger See 
| ni sirena Bananen Mien Peta sar 
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LT] melbet i igen Aera [— 


Now there's a smart way to 
connect more than one printer 


Forget those dumb A/B boxes and your output to the correct printer. 
those expensive switching devices. You just add a simple code to 
Now you can connect up to six your program or printer setup string. 


parallel printers to your computer Or, select a printer from a pop-up 


and let your programs do the switch- window utility that's included. 
ing intelligently for only $119. SmartPorts recognizes the code 
SmariPors automatically sends and makes the switch. 
So, call now and use your Visa, 


MasterCard or AmerEx. 
— It's smart! 
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UJ 1-800-368-7737 
(Anywhere in the United States or Canada) 


4 Smart Ports» 


Dresselhaus 560 Vnvyad Acme, Suite 405, Rancho Cucamonga, CA 91730 
A software-controlled printer switch for IBM PCs and compatibles 
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from the point of view of users who might 
be trying to learn the program on their 
own. — Nicholas M. Baran 


Sign Language vs. Finger Talk 

Ohio State University's program. 
SpeechSign (Microbytes, December 
1987, page 14), does not "help teach sign 
language." [t teaches the manual alpha- 
bet, commonly known as “finger talk.” 

Finger talk is excruciatingly slow. Sign 
language positions the whole body, in the 
context of the surrounding environment, 
in symbols that transmit information. 

Fluent signers routinely transmit infor- 
mation at 100 times aural speed. 

There are three widely used sign lan- 
guages, The oldest is American Indian 
Sign (AIS), used by the Boy Scouts. Next 
came American Sign Language (ASL), 
used by the hearing-impaired and for 
cross-cultural communications. Last 
came Gorilla Sign Language (GSL), ASL 
restructured for the Great Apes. 

True sign language uses syntax and 
grammar radically different from aural 
language. NATO and the UN unofficially 
recognize ASL as a universal language. 
The Boy Scouts use AIS to conduct busi- 
ness and personal conversations during 
International Jamborees. GSL is the only 
language routinely used for two-way 
transmission of sophisticated abstract 
concepts between animals and humans. 

None of this is possible with language- 
bound finger talk. To reach the Dick-and- 
Jane kindergarten level of sign, the hard- 
ware would have to have at least 500 
megabytes of RAM, with a clock speed of 
at léast 50 megacycles and a graphics 
screen the size of a barn door. Then 
comes the program, which will, while 
under development, spin off sign lan- 
guage translators centuries beyond what 
we have today. 

Eugene Austin 
Tilden, NB 


“Information,” Please 

I congratulate BYTE for printing "Infor- 
mation Theory” by Ramachandran Bhar- 
ath (December 1987). An open discus- 
sion in the computer field about defining 
the term "information" is long overdue, 
and maybe this article will lead the way. 
For too long, the term has been picked up 
and used without regard to its precise 
meaning. 

Mr. Bharath provided us with a com- 
prehensive introduction to information 
theory, and he made the technical nature 
of the theory crystal clear. The reader 
could easily see that the theory is based 
on mathematical proofs and, as such, 
could not be used ta deal with the issues 
relating to the value of the contents of the 

continued 
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messages being measured. Perhaps Mr. 
Bharath's warning and clarification of 
this fact at the end of the article was not 
strong enough. I would like to reinforce 
the warning. 

Information can be explained simply 
as data that is prepared into a form that 
makes it easier for someone else to use. 
Information theory provides us with 
mathematical tools to evaluate the reli- 
ability of information, not with a method- 
ology to evaluate its relative value. 

We tend to be too technical in our col- 
lective quest for systems solutions. We 
would be better off clarifying what infor- 
mation is and how it is processed, in the 
broadest sense of the word, so that we can 
provide more reliable, more effective, 
inore acceptable systems solutions. 

Information is a dynamic and personal, 
yet powerful, thing. It changes every- 
thing with which it comes into contact. 
That is part of the nature of information. 
Information scientists and librarians have 
obviously given attention to this topic, as 
have economists, political scientists, und 
behavioral scientists. Now is a great time 
to learn from these discussions. We need 
more dialogue to discover just what infor- 
mation ix. 

Kevin Stumpf 
The Infotorium 
Kitchener, Ontario, Canada 


Karmarkar Kudos 

Ever since I saw "Karmarkar's Algo- 
rithm" by Andrew M. Rockett and John 
C. Stevenson (September 1987), F have 
found more and more reasons to thank 
you for including material at this level of 
mathematics. 

The article is proving to be a most use- 
ful adjunct to lecture material in a course 
on linear programming that I am taking— 
even the errors in the BASIC listing made 
me think things through. 

Since I have found the spreadsheet a 
good self-instructional tool, T have con- 
structed a Lotus 1-2-3 worksheet that 
steps through the iterations of the exam- 
ple given. This worksheet provides a use- 
ful look at what is actually happening at 
each stage. 

| would be glad to provide BYTE read- 
ers with a listing of the formulas and a de- 
scription. If readers would send along a 
disk, I would copy the worksheet onto it 
and mail it hack to them. 

H. J. Hunter 
P.O. Box 13398 
Kanata, Ontario, Canada K2K ! X5 


Semantic Accuracy 

In “Modeling the Brain" (December 
(987), Matthew Zeidenberg asserts that 
the system makes “accurate role assign- 
ments" in such sentences as "The man 


hit the boy with rhe mallet." it's best not 
to say "accurate" in setting a default se- 
mantic value for an ambiguous sentence 
without context validation. The article 
deals with semantics al sentence level 
only, so matters of context are not consid- 
ered, Given that approach, ambiguous 
sentences are best left with semantics not 
fully resolved, The pleasure many people 
derive out of ambiguous sentences, simi- 
lar to that of enjaying optical illusions, 
argues that an isolated sentence does have 
a flip-flop semantic value. 

For a system to analyze syntactic ambi- 
guity, other input should be considered 
before making a semantic decision. Each 
relevant piece of data adds weight to an 
interpretation, and some particular (even 
externally set) weight of certainty sets the 
meaning, at least until contradictory in- 
formation is received. Since ambiguity 
can be resolved before or after its occur- 
rence, the system needs to look back as 
well as forward. Consider “The 4-year- 
ald was showing his buddies his new mal- 
let when a car veered around the corner. 
They ran for safety, but the man hit the 
boy with the mallet." Or "The man hit 
the boy with ihe mallet, then the red- 
headed kid. but missed the baby, before 
he regained control of his car and rounded 
the corner." Not to mention “The man 
hit the boy with the mallet with his car.“ 

The fact that people do not stop at the 
end of each sentence for an interminable 
period of interpretation makes clear that 
once we think we know what we're talk- 
ing about, we suspend analysis (right or 
wrong). A computational model should 
likewise go to the heights and depths, at 
need only. 

Cathy Miller 
Salt Lake City, UT 


A Vote for Tweaking 

With regard to Fred Langa s December 
1987 editorial on benchmarks, it was a 
shame that benchmark optimization (re- 
ferred to as “tweaking ') came off so bad- 
ly. On the contrary, [ assert that unless 
each benchmark is optimized, the results 
will have little meaning in the [BM PC 
marketplace. 

When compilers are benchmarked 
without “tweaking,” we are verifying 
their ability to handle a particular source 
code. Source code compatibility is essen- 
tial in an environment that requires the 
continued use of many different machines 
und compilers, In the big-business man- 
agement information-systems environ- 
ment, programs can be distributed as 
source code, or perhaps a publisher will 
produce different versions of a program 
for the various target machines. In any 
ease, source code compatibility is an ab- 

coniiniued 
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solute requirement in a big-compuler 
environment. 

The basis for the IBM PC software 
markets is not source code but compati- 
bility at the machine level. PC programs 
are distributed as object code, and only 
object code compatibility is required. 
Users do not care whether the program 
source code is “compatible” with some 
standard, but they do care whether the 
object code program is compatible with 
their hardware and how fast it runs. If 
"incompatible" source code features 
would improve performance (and pro- 


duce the same results), this is a topic of 
real interest to programmers serving the 
PC marketplace. Performance optimiza- 
lions for particular languages and cam- 
pilers are useful news. 

The thing that 1s constant about a PC 
marketplace is a "standard interface" be- 
tween hardware and software; that inter- 
face is where applications object code 
meets the operating system, BIOS, or 
other hardware interface code. When rat- 
ing new hardware or software, the only 
thing that matters is performance while 
using the standard interface. Applications 
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can be rated directly. Compilers can be 
rated as applications that produce appli- 
cations, and by the performance of the re- 
sulting applications. Hardware can be 
rated by the performance of known appli- 
cations that use the standard interface, 

Of course, "performance" is always 
relative to samething; it is useful to inves- 
tigate software performance on some 
"standard hardware." Perhaps the stan- 
dard hardware in the 8086 environment 
would be both a classical IBM PC and a 
PC AT; in this way, programs that take 
advantage of the 286 could be identified. 
Different but similar hardware standards 
would apply to the various 68000 envi- 
ronments. To investigate hardware im- 
provements, there would be a suite of 
“standard software,” and the compara- 
tive performance (between the "standard 
hardware" and the "improved" version) 
would indicate the effectiveness of the 
new hardware. 

In summary, the failure to "tweak" à 
benchmark for a particular compiler em- 
phasizes source code compatibility over 
object code performance, an emphasis 
that is misplaced in the PC marketplace. 
Optimizing each benchmark for each 
compiler (to produce the fastest and tight- 
est code to perform the desired function) 
should be a normal course of business— 
unless, of course, you're addressing a 
big-computer environment. 

Terry Ritter 
Austin, TX 


Fantastic 
I have one basic comment regarding the 
planned revision of your benchmark pro- 
grams (December 1987 editorial): Fan- 
tastic! There is a definite need for the re- 
vision, as the erratic results obtained by 
the current benchmarks demonstrate. 

I have a few thoughts regarding the 
revisions: 
* Retain the Sieve, Sort, Savage, Whet- 
stone, and Dhrystone tests for historical 
reasons, if no other; they're not all bad. 
The Fioat test should be discarded, since 
it doesn't represent any real-world pro- 
cessing and is susceptible to being re- 
duced to the trivial by better compilers. 
The Fibonacci test should be discarded 
for lack of interest; the algorithm used in 
the current form is terrible, and the Sieve 
and Sort tests do a better job of testing in- 
teger operations, 
* Provide for both higher-level and as- 
sembly language forms of the tesis. [n the 
higher-level language form, the programs 
test how well compilers make use of pro- 
cessors' features, and they can serve tà 
compare a compiler's quality for a partic- 
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ular processor. In the assembly language 
form, a better comparison of processors? 
continued 
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effects on performance can be made, 
since the variation. introduced by com- 
pilers is eliminated, thus allowing more 
meaningful comparisons across proces- 
sor families. 

* Verify that the benchmarks’ algorithms 
have been correctly transformed. The 
Savage program is relatively easy to ver- 
ify, since the result should be very close 
to the number of times the loop is exe- 
cuted. The number of primes found is a 
reasonable verification of the Sieve pro- 
gram. À visual inspection of the Sort pro- 
gram's results could suffice. but [ would 


LETTERS 


prefer something more automated, per- 
haps sorting randomly rearranged 
successive integers and then testing for 
successive integers. The Whetstone pro- 
gram produces some intermediate nu- 
merical results that can be verified. 

èe Extend the Steve and Sort tests such 
that 32-bit arithmetic and more than 65K- 
byte data referencing are required. in the 
case of the Sort test, make the record size 
greater than 64 bytes so as to make the 
test more realistic, and remove opportu- 
nities for playing silly games with the 
68000 family of processors. 


Let CPT give you the total view — today. 
Upgrade your PC, XT, or AT-compatible 
computer with CPTs full-page displays, at a price 
far lower than you might expect. For more 
information on how CPT can expand your 
display-horizons, call 1-800-447-4700. 
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* Devise one or more benchmark pro- 
grams to test character string manipula- 
tions. A large percentage of most com- 
puters’ time is spent processing textual 
information, yet there is no well-known 
benchmark for this type of processing. 
Devising such a test will be difficult due 
to such things as character string repre- 
sentation and limits, providing standard 
text to process, higher-level languages’ 
treatment of (or Jack of} character string 
data types, and so on. Possibly, the char- 
acter can be combined with some sort of 
file-accessing benchmark. In any event, 
there should be more than 65K bytes or 
characters to process. 
* When publishing the benchmark re- 
sults, the length of lime to generate the 
program, the amount of code generated 
(both with and without run-time library 
code), and the size of the translators 
(compiler, assembler, and linker) are 
useful data. This data, of course, applies 
only to the tools needed to produce the 
executable benchmark programs, but the 
numbers are of some value jn their own 
right and are sometimes helpful in inter- 
preting the benchmark results. 
Everett M. Greene 
Ridgecrest, CA 
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Photo Swap 

Snow Software informed us of a photo 
error in the What's New section of the 
January issue. The photo that appears on 
page 94 is the Snow Report Writer 
Screen, rather than Silverado, as it is 
labeled. The Silverado screen appears on 
page 96. 


Copy Protection and Drawbase 

[n the What's New section of the January 
issue, on page 78, some new programs 
from Skok Systems Inc. are described as 
not copy-protected. 

Drawbase HLR is nor copy-protected. 
However, Drawbase 2000, Drawbase 
3000, and Drawbase 4000 are copy- 
protected, 


Data-Acquisition System Not Micro 
Channel-Compatible 

In the What's New section of the January 
issue, on page 86, we incorrectly stated 
that The Automation Group's MDL-16 
data-acquisition system is a Micro Chan- 
nel-compatible product. I is not. The 
MDL-16 is a stand-alone RS-232C and 
RS-244 data-acquisition board. lt oper- 
ates as an independent serial peripherai 
and does not require any slot space in 
your computer. B 


Imagine the speed and power ofa 
$100,000 minicomputer in a desktop PC cost- 
img under 87,000, Now imagine all that power 
womg to waste because the operating system 
vou chose was never meant to take advan- 
tage of a computer this powerful. It will 
take more than just a “window environ- 
ment” or an outdated operating system 
to unlock the 80386. 

It will take PC-MOS/386:" 

The First 80386 Operating 
System. Specifically designed for the 
$0386 computer, PC-MOS/386™ opens 
doors. Doors to more memory and 
multi-tasking, Doors to thousands 
of DOS programs as well as upcom- 
ing 80386-specilic software. Its the 
gateuav to the latest technology..., and 
your networking future. 

Memory Management 
Without Boards. PC-MOS exploits 
the memory management capabilities 
built inta the 80386. So, up to four 
GIGABYTES of memory are access- 
ible to multiple users and to future 
Sü3S6-specilic applications requiring 
megabytes of memory: 

Multi-Tasking, Multi- | 
User Support for One, Five or 
oo U sers. PC-MOS/386 " allows 
up to 25 inexpensive terminals to be 
driven by a single 80386 machine. 
So the fearures of the 80386 can be 
utilized at every terminal. And it 
comes in three versions so you can 
upgrade vour system as your com. 
pany grows... without having to 
learn new commands or install 
new hardware. 


THE 80 38 A 


RUNS DOS 
PROGRAMS. 


MULTI-TASKING 
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We've 


TRADEMARK ACKNOWLEDGEMENTS: MulriLink" is a rs trademark of The Software Link. PC-MOS/3867 MultiLink" Advanced, and LANLink™ are trademarics of The Software Link. 
tradernarks of MicraPra, Ashton wi and 
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Tate, & WordPerfect C 


Software Support for Thousands 
of DOS Programs. Although PC-MOS/386 " 
totally replaces DOS, it doesn't make you 
replace your favorite DOS pi ‘ogr ams. So you 
can run programs like Lotus 1-2-3, WordStar, 
dBASE IIL, and WordPerfect on the 80386. 
Best of all, it uses familiar commands like 
DIR and COPY-so you'll feel comfortable 
with our system. 
The Gateway to Endless 
Features. Distinctive characteristics 
like (ile/system security, remote access, 
tile/record locking, and built-in color 
graphics support for EACH user set 
PC-MOS/386"™ apart from all previous 
operating systems. 
! Open the Doors to Your 
Future TODAY! Call The Software 
Link TODAY for more information and 
the authorized dealer nearest vou. 
PC- MOSK 186° " comes in single, five & 
25-user versions starting at 5195. 
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CALL: 800/151-LINK 
In Georgia: 104/448-LINK 


QEM/Ent'] Sales: 047/265-1000 
Resellers/VA Rs: (4) 18-5405 
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Take a look at the specs on VISTA™, a good look. 
Notice the processing, programming, and video 
capabilities? Now think real hard about what you could 
do with the power of VISTA and a microcomputer. Incor- 
porate it with your system to create a digital pre-press 
proofing station for publishing. Design a graphics work- 
station which outputs both colorful hi-resolution slides 
and broadcast-quality animated images. Construct a 
CAD system which merges computer generated images 
with real-life backdrops for architecture, packaging or 
other industries. And, after you've brainstormed your 
way to new horizons of videographics possibilities, get 
your own VISTA and start working. 


Let's Get Specific. 


We knew you couldn't resist seeing lhe 
facts, and frankly, our engineers 
wouldn't have it any other way. Here is 
an overview of VISTAS key features. 


FEATURES: 


* 4Mbytes of Video RAM on-board 

» Texas Instruments’ TMS 34010 GSP 

« Flexible, programmable resolutions 

* NTSC and PAL compatible 

* Four 8-bit channels for real-time 
capture 

* Fully integrated genlock 

* Processor memory expandable in 
2Mbyte incrernents to 12Mbytes 

Four 2K x 8-bit CMOS static RAM 
LUTs 

Display can be color-mapped, RGB, 
or a versatile combination of both 

+ Interlaced and non-interlaced display 

* Binary and fractional programmable 
zoom capability, creates horizontal 
and vertical magnify or minify 

« Smooth horizontal and vertical pro- 
grammable panning, includes wrap- 
around and split screen 

* Suggested Retail Price: $5995. 


ADDRESSABLE RESOLUTIONS: 
32 bils/pixel 16 bits/pixel 8 bits/pixel 


1024x1024 2048x1024 4096x1024 
512x2048 1024x204B 2048x2048 
256x4096 512x4096 1024x4096 
CAPTURE RESOLUTIONS:* 
NTSC PAL 
(RS-170A) (CCIR-624) 
756x486 738x876 
604x486 580x576 
504x486 492x576 
432x486 422x576 


"Resolutions are 121 Bri nee these are nominal ones 
for interlaced NTSC and PAL compatible. 


DISPLAY HESOLUTIONS:" 
Non- 
interlaced interlaced 


NTSC PAL 
(RS-170A) (CCIR-624) 
1512x486 1476x578 1024x768 763x576 
1008x486 984x576 (BO Hz) (50 Hz) 
756x486 7398x576 
604x488 550x576 768x766 758x486 
504x486 492x576 (BO Hz) (60 Hz) 


“Resolutions are programmable: ihesa are nominal ones . 
COMPUTER REQUIREMENTS: 


Host Typs: IBM PC AT and 100% Compati- 
bles, Compaq 386, 
Apollo DN 3000-singie-slol board 
Data Bus: 16-bit or 8:bit (selt-configuring) 
Bus Clock: BMHz to 12MHz 
Power 
Consumption: 15 Watts 


Announcing 


NuVISTA" 


for the Macintosh" It 
It's available soon, 
50 call for more information, 


IBM ig B registered trademark ol international Business 


ines Corp. Internattonal 


Introducing IRuEVIsTA" Video 
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It’s So Flexible, 
We've Added Support. 


With its Texas Instruments TMS 34010 
graphics processor, large quantity of 
video memory, and proprietary video 
cross-point, VISTA can be programmed 
for an array of powerful market-specific 
videographic applications. To help you 
maximize VISTA potential, Truevision 
offers a range of C-language program- 
ming tools for developers. And when 
your system is market-ready, we'll sup- 
port your marketing efforts with our 
TRUEVISION SOFTWARE CATALOG, 
TRUEVISION NEWS, and THE PULSE. 


We're For Higher 


Resolution... Power... Flexibility... 
Quality. Join the many key manufac- 
turers and developers already working 
with the state of the videographics art, 
VISTA. Call us at 800/858-TRUE for 
more information on the VISTA 
Developer's Program. We're ready to 
take your application today. 


TRUEVISION INC. 

7351 Shadeland Station, Suite 100 
Indianapolis, IN 46256 
800/858-TRUE 
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Create Powertul 
Programs with 


Blaise TOOLS 


Whether you're an expert or a novice, you can 
benefit from using special tools to enhance your 
programs, make them reliable, and give them a 
professional look, With windows. menus, pop-up 
memory resident programs, and communications 
support, Blaise Enans offers you a wide 
range of programming tools to let you take full 
advantage of the Microsoft and Boriand pro- 
gramming environments. All language support 
packages include fully commented source code. 
complete comprehensive manuals and sample 


premrams. 
C TOOLS PLUS/5.0 $129.00 
Full spectrum of general service utility functions 
including: windows: menus: memory resident 
applications: interrupt service routines: interven- 
tion code: any direct video access for fast screen 
handling. Specifically designed for Microsoft C 


Turbo C TOOLS $129,00 
Windows and menus; ISRs; intervention code; 
screen handling including EGA 4--line text mode 
support; direct screen access; and memory resi- 
dent applications. Carefully crafted specifically 
io complement Turbo C. 

Turbo POWER SCREEN 

COMING SOON! General screen management; 
paint screens: block mode data entry or field-by- 
field control with instant screen access. For 
Furbo Pascal. 


Turbo POWER TOOLS PLUS $129.00 
NEW VERSION! Now supports Turbo Pascal 44). 
Screen, window, and menu management includ- 
ing EGA support; DOS memory control: ISRs: 
scheduled intervention vode; and much more. 


Turbo ASYNCH PLUS $129.00 
NEW VERSION! Now supports Turbo Pascal 4.0. 
Interrupt driven support for the COM ports. 1/0 
buffers upto 64K: XON/XOFF: up to 4000 baud: 
modem and X MODEM control. 

ASYNCH MANAGER $75.00 
Full featured interrupt driven support for the 
COM poris. LO buffers up lo 63K : XON'XOFT; 
up to 9600 baud: modem eonirol aad X MODEM, 
For Microsoft C, Turbo C or MS Pascal. 
KeyPlaver 549.95 
“Super-baich” program. Create batch files which 
can invoke programs and provide input to them: 
run any program unatiended: create demonstra 
tion programs: analyze keyboard usage. 


PASCAL TOOLS/TOOLS 2 $275.00 
Expanded siring and screen handling: graphics 
routines; memory management: general program 
control; DOS file support and morc. For MS- 


Pascal. 

EXEC 595.00 
NEW VERSION! Program chaining executive. 
Chain one program from another in different 
languages: specify common dma areas; less than 
2K of overhead. 

RUNOFF 549.95 
Text formatter for all programmers. Written in 
Turba Pascal: flexible printer control: user«lefined 
variables: index generation; and a general macro 
facility. 


TO ORDER CALL TOLL FREE 
800-333-8087! 


BLAISE COMPUTING INC. 


2360 Minth Sron. Suhe J Berkeley, CA 9478). (415) 540-5441 
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CHAOS MANOR MAIL 


Jerry Pournelle answers questions about his column 
and related computer topics. 


More on SpeedStor 
Dear Jerry, 

I’m totally baffled as to why anyone 
would use SpeedStor to split a 42-mega- 
byte hard disk into two 21-megabyte par- 
titions, making the big disk look like two 
small disks. If you're going to do that, 
why not just have two 21-megabyte hard 
disks to start with? Storage Dimensions’ 
advertising would seem to imply that the 
raison d'etre of SpeedStor is to bypass the 
asinine 32-megabyte disk volume limita- 
tion of MS-DOS. When I finally get 
around to buying a 130-megabyte drive, 
I'll want to have it set up as one 130- 
megabyte volume, not four 32-megabyte 
partitions that look to MS-DOS like four 
separate physical drives. 

SpeedStor gives you a choice of three 
kinds of partitions: bootable, DOS-com- 
patible, and DOS-extended. The first two 
are bound by the 32-megabyte limitation: 
the third is not. That means if you set up 
the entire drive as an extended DOS par- 
tition, you have to boot off another drive, 
probably a floppy disk drive. There is, 
however, a better way. Partition the disk 
into a 1-megabyte bootable partition (C:) 
and the remainder as a DOS-extended 
partition with 1K-byte sectors and 2K- 
byte clusters (D:). Put your boot-up files 
in the first partition, and make the last 
line of the AUTOEXEC.BAT read D:. The 
system should boot up exactly as before. 
except that you'll wind up with a D:> 
prompt instead of C:>, and the volume 
size (if the drive is [ike mine) will be 
around 41.5 megabytes. 

When you choose the sector and clus- 
ter size, SpeedStor will warn you that 
CHKDSK.COM will not operate. That's 
true, but when you got Golden Bow's 
Vopt, you also got CHKDSK.EXE (on the 
distribution disk), which works just fine 
on the bigger volume and nonstandard 
cluster, as does Vopt itself. 

Incidentally, what do you think of the 
new enhanced keyboard? [ love in—with 
one exception. Having twa Control and 
Alt keys is great—if only IBM (and, of 
course, everyone else) hadn't put the 
Control keys directly below the Shift 
keys. Because of that, I'm continually 
pressing the wrong one while typing. The 
solution would be simple: Reduce the 
keys to standard size and put them along- 
side each other next to the space bar, get- 
ting them out from under Shift. Do you 


agree? H so. you probably have the clout 
to suggest that to someone (say, Key 
Tronic) with some chance of petting it 
implemented. 
Ron J. Goodman 
Warrensville, OH 


Well, i could say I like having two logi- 
cal disk drives, but in fact t was just too 
lazy to figure out the proper installation 
the first time, and after that it was a bit 
late with stuff stored on both disks. I ext- 
pect I'd have done it differently another 
time. 

DairaDesk keyboards come with a 
switth and replacement key caps: you 
can put the Control key to the left of the A 
key, where it belongs. and relegate the 
CapsLock down to below the Shift. 1 love 
DataDesk keyboards. I'm typing this on 
one, —Jerry 


Mouseless Microsoft Word 
Dear Jerry, 

Regarding the Delete Word command 
in Microsoft Word (Computing at Chaos 
Manor, October 1987): You can create a 
macro to delete a single word in Word, 
using SuperKey, Try this: 


«LEFT» «FB» «Del» 


(using SuperKey terminology). The left 
arrow command is to account for the case 
when the cursor is on the last character of 
a word that 1s followed by a punctuation 
mark, when pressing F8 would send the 
cursor lo the punctuation mark. 

I wonder if PC-Write would get rave 
reviews if users had to pay the same for it 
as they pay for the "big" programs ($450 
list, $229 street price). I've tried PC- 
Write, and I find its interminable dot 
commands and myriad special keystrokes 
for every little function illogical and con- 
fusing. Give me Microsoft Word's pop- 
up Mnemonic menus (automated by a few 
SuperKey macros) any time. 

Rober! Hawkins 
Greenville, MS 


continued 


Jerry Pournelle holds a docioraie in psy- 
chology and is a science fiction writer 
who also earns a comfortable living writ- 
ing abour computers present and future. 
He can be reached c/o BYTE, One Phoe- 
nix Mill Lane, Peierborough, NH 03458. 


Thanks ‘lo The T3200, 
The Desktop PC Can Now ike 
Its Place In History 


When the eagerly awaited PC first hit the desks of And when it comes to memory, the T3200 rivals 
the public, everyone figured it was there to stay. It your clunky desktop. With its IMB RAM that ex- 
was, after all, powerful and functional. And consider- pans to 4MB. We even gave it a built-in, gas plasma 
ing it weighed about 40 lbs., it would take EGA display and monitor port. Which, 

a lot to unseat it. | by the way, are optional on your 

Introducing a lot. The new Toshiba T3200. pm old desktop. 

Inasleek 187 Ib. package, the T3200 | All of which means you should 
acts like no other portable, or overweight call 1-800-457-7777 for your nearest 
desktop PC AT? for that matter. Toshiba computer and printer dealer. 

With its two internal expansion slots, And ask to see the first portable 


you can connect to a LAN, a mainframe, PC powerful enough to push the 
or add peripherals. 1212711 1; Mie. d desktop right into the history books. 
[t also hasa 12 MHz 80286 micro- j> s ; f TU TRONDADOEM Us RM ed. 


Moost enmillment required. See our dealer for details. 
PC AT isa repistened trademark of International Business 
Machines Corporation. 


processor, a 40MB hard disk, and a 
T20K B 31^" diskette drive. 


In Touch with Tomorrow 


TOSHIBA 


Toshiba America, Inc., Information Srstems Division 


Yeah, { know you can do almost any- 
thing with macros in Microsoft Word 4.0. 
WordStar 4.0 is pretty good, too. 1 under- 
stand they ‘re adding macros to Word Per- 
fect as well, Every time one of the editing 
programs improves, the others do. Makes 

for an embarrassment of riches, but I'd 
rather have that problem than not enough 
choices, —Jerry 


Floatable Computer? 
Dear Jerry, 

I have a problem. | am lusting for a 
computer, and I live on a boat. Living on 
a boat means that | have only 12-volt elec- 
tricity, very littie space, no proper light- 
ing, and so or. 

I would like to get an MS-DOS com- 
puter. Jt musi run on [2 V DC, be very 
sturdy, and not drain too much electric- 
ity, and I must be able to buy (rather than 
transfer) software for it. 

You have written several times about 
the Zenith Z-181, but the problems you 
mention with regard to null modem 
cables and so forth seem too great for me. 
| have the boat in the Caribbean now, and 
I have enough problems getting things 
like lightbulbs. 

Could you please comment on the To- 
shiba T1100 Plus and the NEC Multi- 


Introducing the Op 


CHAOS MANOR MAIL 


Speed in relation to the Zenith Z-18[? 
Can you think of any other portables that 
might be in this class? 
Bren Jacobson 
Northville, NY 


I may have made the difficulties of 
transferring software to the Z-181 sound 
greater than they were; anyway, given 
Traveling Software's wonderful Laplink 
(which comes with cables), that's all 
history. 

f am told thar Zenith makes a 12-V 
power adapter. Í find my Z-183 (which 
has a hard disk drive) nearly perfect ex- 
cept for its weight, Whether it will stand 
up Io a corrosive salt water atmosphere i5 
another siory. 

The Toshiba and NEC portables are 
also very nice. I prefer the Zenith, largely 
on the basis of the keyboard and backlit 
screen, Again, I'd be awfully concerned 
about corrosion. 

l used to have the smallest legal midget 
ocean racer (a 20-foot Weber-designed 
sloop) on the Pacific coast. That was be- 
fore computers, | miss her.—Jerry 


In Defense of DP Departments 
Dear Jerry, 
You've come down rather critically rc- 


garding data processing departments hav- 
ing much control over the purchase/ 
setup/use of personal computers. My ex- 
perience in relatively small corporations 
having from 10 to 30 or so PCs at any one 
lime leads me to the following con- 
clusions: 

Early in 1988 there are still many, 
many more totally new and completely 
naive PC users than there are even very 
moderately experienced users. Of every 
IO users I've dealt with, only 2 had 
learned after 6 months how to use a utility 
program like PC Tools other than by rote 
while referring to written notes. For 
them, if it isn't on a menu, it isn't possi- 
ble to do without help. Only | in 10 had 
moved on their own to a level of compe- 
tence more than minimally acceptable 
within the one or two applications (word 
processing or Lotus 1-2-3) necessary to 
do their jobs. Fully 8of every 10, if asked 
to do something that required learning a 
significanl new area of an application that 
they had worked with for some time, de- 
manded training and hand-holding before 
they would even begin to approach the 
problem. 

For the large majority of users, there is 
no willingness to take a manual home or 

continued on page 269 


enEnder Intelligent 


Multr Channel Communications Board for PS/2. 
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Now, with DigiBoard OpenEnder™ Intelligent 
Communications Boards, vou can channel the power of [BM 
Personal Svstem/2 to up lo 32 users. 408) faster than the 


hoards youre probably using now. 


ut what really sets DigiBoard 
OpenEnders apart is that vou only have ta pai 


Call 1-800-344-4273. In Minnesota, 1612) 922-8055. 
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[or the expensive intelligent parl unce. Because vour D O 
functions are handled by affordable |. Mate" modules 
that simply plug in. 

So, for the first time in the history of 
intelligent communications bnards. your 1. O 
options are wide open. And they always will be. 
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(BASE Users! 


Independent Reviewers Say: 


obody Beats The Fox 


..- Nobody's Even Close 


Fox BAS E + 


Data Based Advisor 


FoxBASE+ Fastest By far 


BYTE” benchmarks show that 
FoxBASE+ takes only 14 minutes to 
do what dBASE III PLUS needs an 
hour to do. The others are even 
slower, Clipper needs an hour and 17 
minutes. Quicksilver needs an hour 
and 40 minutes. 

Nobody beat FoxBASE+ in even one 
of the 27 BYTE benchmarks. 
FoxBASE+ zipped through the 
exhaustive Data Based Advisor*" 
benchmarks in just 15.5 minutes. New 
FoxBASE + /386 ran them in only 7 
minutes! By contrast Clipper took 53 


FoxBASE+/386 


BYTE Magazine 


minutes, Quicksilver tock 59 minutes, 
and dBASE III PLUS took an hour and 
18 minutes. 


Why Waste Your Time? 


BYTE's data shows FoxBASE+ is up 
to 7 times faster. DBA' 5 benc hmarks 
show FoxBASE + is over 5 times faster. 


You can run with Fox.. .or you can 
craw! with them. 

FoxBASE-- Delivers Now. . . The 
Others Only Promise 


We're totally committed to insuring 
that FoxBASE + will a/ways be fastest 


..now and in the future. You can't buy 


a faster product. 


But that's not all... 


FoxBASE+ offers other great features 
like: true compatibility. . . familiar 
interactive commands like BROWSE 
and EDIT... ''dot-prompt'' program- 
ming...major language extensions... 
ideal development environment. . . and 
a money-back guarantee. 


So call us for the details. After all... 


Nothing Runs Like a Fox. 


FOXBASE /.: 


FoxBASE, FoxBASE+. and FoxBASE + /386 are trademarks ol Pox Software. 
dBASE III PLUS is a trademark of Ashton-Tate. Clipper is a trademark of Nantucket. 


Quicksilver is a trademark of WordTech Systems. 


"Using the benchmark timings published in BYTE. September 1987, 
* *I'sing the suite of benchmarks published in Data Based Advisor, March 1957. 
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Fox Software 

118 W. South Boundary. Perrysburg. Oto 43551 
(415) 874-0162 Telex: 6503040827 FOX 

FAX: (419) 974-8676 
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ASK BYTE 


Steve Clarcia answers your questions on microcompuling. 


dBASE Deletions 
Dear Steve, 

At the office, I work on an IBM PC 
using various software packages, includ- 
ing dBASE II Plus. I discovered that, 
while using one database ond executing 
un APPEND from another database, all the 
characters like the Hebrew letter " Mém" 
(on a Hebrew keyboard) are totally 
deleted, This ruins the whole display of 
the data that I've just added to the data- 
base with APPEND. (Every occurrence of 
the letter Mém is deleted, and the rest of 
the letters are carried back one space for 
each deletion.) 

The IBM guide (48M Personal Com- 
puter—National Supplemenit— Israel ) re- 
gards the M&m character as decimal 13 
(hexadecimal QD). SideKick regards the 
T - as decimal 141 (hexadecimal 

D). 

I am not a professional programmer; 
I'm working as a secretary while study- 
ing for my second degree in education, 
and most of my knowledge is self- 
learned. Therefore. [ don't have the tools 
to solve this problem on my own. What 
could be the reason for the malfunction of 
dBASE that I described above, and what 
can I do to correct it and avoid the prob- 
lem in the future? 

Dalia Hasson 
Haifa, Israel 


I never cease to be amazed at the awful 
consequences of even simple changes to 
programs. In your case, dBASE is eating 
the disappearing Mem in the mistaken 
belief that it's a carriage return instead of 
a printable character. 

in the ASCH character set, a carriage 
return is represented by a decimal 13 
thexadecimal 0D), and that's what most 
programs expect to see. Some programs 
ignore the high-order bit when looking 
for control codes, so borh hexadecimal 
OD and 5D are often treated as carriage 
returns because they differ only in that 
bir position. 

You can write a small dBASE program 
to see what ASCH cade dBASE uses for 
Mém: 


CLEAR 
SEI TALK OFF 
STORE 0 TO keyval 
DO WHILE keyval = 0 
B 5,5 SAY "Press a key to display 
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the ASCII value" 
keyval = InKey( ) 
ENDDO 
? 
? "The ASCII value is" 
? keyval 


if Mém turns out to be OD, then there's 
no simple fix, What vou'll need to do is 
write programs that convert Mem into 
some other (unused) character before 
storing it in the database, then convert it 
back before displaying it. This is barely 
acceptable if you're using programs to 
control all the database operations, but 
it's unworkable if you're doing it by 
hand. 

Perhaps a variant of that idea might be 
useful. You could write a program to scan 
a database file and replace all vecur- 
rences of Mém with another character. 
You could write another program io con- 
vert them back after you've done the 
APPEND. This might work, bui the scan- 
ning that the program will have fo do 
might fail if dBASE filters vut the hexa- 
decimal OD and 8D characters. You'll 
have to try if to see. 

Fd also expect that you'd have prob- 
lems with Hebrew characters that map to 
other ASCH control codes, such as hexa- 
decimal OA (linefeed), OC (formfeed), 
and 07 (bell). T wish I had a clean solu- 
tion for you, but I suspect that there just 
isn't one. It's a shame that dBASE isn't 
more international, but it's also a shame 
that there isn't a solid standard that 
would allow programmers to handle 
multiple character sets. —Steve 


A 360K-byte Apple Drive 
Dear Steve, 

[ have an Apple II Plus, and I was won- 
dering why I couldn't rewire the disk 
drive card so that it could control a 360K- 
byte floppy disk drive (say, a Remex 
480—cost around $35). If I could patch 
the card to do this, | could write software 
to control the drive appropriately. I know 
the Apple disk drive was done this way 
when Apple converted from DOS 3.2 to 
DOS 3.3, 

Leo Kratz 
Fatrerove, MI 


With the current availability of indus- 
try-standard disk drives at bargain 
prices, many Apple computer owners 


would like to make a switch. Actually 
doing so, however, is a major problem. 
When Apple introduced it [0 years ago, 
the Apple disk drive was an elegantly en- 
gineered solution to the need for a mini- 
mum-hardware disk system for Apple's 
entry into the rapidly growing persanal 
computer market. 

The Apple disk system uses a group 
coding (GCR) data format that uses soft- 
ware to perform tasks that are commonly 
done in hardware with industry-standard 
systems. The Apple disk drive/controller 
hardware remained essentially un- 
changed in the transition from DOS 3.2 
to 3.3; a coding change in the PROMS en- 
abled the system to discriminate two con- 
secutive zero bits when reading the disk. 
This permitted an increase from 13 to 16 
data sectors per track because of greater 
data density permitted by the larger num- 
ber of usable code groups. DOS 3. 3 thus 
uses a single-sided, 35-track, 16-sector 
GCR format. The only change required 
for the transition from 3.2 to 3.3 was a 
new disk controller PROM and the new 
master disk software; the drive itself was 
unchanged. 

When IBM established the de facto in- 
dustry standard as a double-sided, dou- 
ble-densiry 40-rrack. 360K-byre disk 
drive, modified frequency modulation 
(MFM) encoding, using an NEC pPD765 
series controller chip, Apple's elegant 
solution became something of a mill- 
stone. Because of control signal and 
other differences, the Appie drives can- 
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iN ASK BYTE. Steve Ciarcia, a computer con- 
sultanr and electronics engineer, answers ques - 
nons on any area of microcompuring. The 
most representative questions will be an- 
swered and published. Send your inquir» to 
Ask BYTE 
c/o Steve Ciarcia 
P.Q. Box 582 
Glastonbury, CT 06033 
Due to rhe high volume of inquíries, we 
| cannot guarantee a personal reply. Ail letters 
and phoiographs become the properiv of 
Steve Clarcia and cannot be returned. 

The Ask BYTE staff includes manager 
Harv Weiner and researchers Eric Albert. 
Tom Canrreil, Bill Curlew, Ken Davidson. 
Jrannetie Dojan, Jon Elson. Frank Kuech- 
mann, Tim McDonough, Edward Nisley, 
Dick Sawyer, Roberti Siek, and Mark 
Vonrhees, 


Peachtree Complete II: The Business Accounting ren 


The success story (9 Easiest Installation Ever. Enter your 
of Peachtree Complete company's information once and it is 
(now with over 200,000 reflected throughout the system. Complete 
users} continues with the II includes a separate Installation Guide, 
newest member of the basic Accounting Primer, eight-volume 
" Peachtree family, Peachtree Reference Library and extensive Tutorials on 
Complete II. Much more than just each package — all at no extra I 
an update, Complete fl builds upon [V Ideal for Service Businesses. Enter 
the comprehensive features that have information free form on service involces or 
made Peachtree the leader in small busi- store pre-defined graphs pf up to 160 
ness accounting software for nearly ten characters, Enjoy ting capabilities at 
years. We've added many exciting new fea- time of Invoice 4. 
pe and rne) — methods 
or using the packages result—all cight Eight Integrated Software Modules 
modules are even more powerful and SE h due s " d rom 
to use, yet still priced at just $199—a 96% e Fixed p ^3 
price reduction from the original $4,800. © Job Cost 


oicing 
* Accounts Payable * Payroll 


Complete I] includes eight software mod- 
ules that may be integrated or insralled 


individually and may be distributed among 
separate computers. [Install the most crítical Moncy-Back Guarantee 
modules initially; add others later. 


COMPARE FEATURE FOR FEATURE | — When you purchase Peachtree Complete 0 
NEW Ore 450 pora protected with a 30-Day Money Back — 
NEW Over protect a y Money 
NEW Crime me iaer a ce cepere Guarantee. If you're not satisfied, simply 
| in key areas hex your purc 
be promptly refunded. (A $20 restocking fee 
Genera! Ledger 
» ccoums Inciudes 76 eagacued a be c if disk bag is 
[V^ Windows and Pop-Up Menus. — in nd uec efred suns " n And, of course, Complete Il is backed by 
Complete II is designed for user conve- > Repeating journal entries Kex e Peachtree Software's famous technical sup- 
to make easy polorandeheor seleciona. (aOR fhe industry". technical asistance ls avai 
If you can't remember a an - or NEW Reversing journal entries able for $1 per minute with a 20-minute 
account number while usin Accoums Recelvable/Imvolcing minimum via a toll-free telephone number. 
simply open a window and seit acia] tror through Mite quA cde minia You only pay for what you need, without 
your customer list or chart of accounts. e payments unnecessary support contracts. 
Select the information you're looking for ED VEN n MEE rn 
directlv from the table! -— rule e — mri den i de ron 
: É " Buy Forms Direct from Peachtree 
[V Short-Cut Keys. We speed you from mE Dis Enfoy ihe venmealropr id empamy of 
one function to another without the time- ther aa 
NEW taral piymenn of brvvices buying your forms directly from Peachtree 
ae ae ee Ne omma aer Maing create PUDE UTE Software with guaranteed compatihility. Call 
Ipsae Ter s. Checks preved sith unfimirrd tmvolce listing un ntuh |-B00-553-6485 to order forms. In Ohio, 
3 
eni iud zT get stuck, the same m Jodi deti ism call 1-513-973-0110. 
ction key w ways bring HELP to your invensary 
rescue with pop-up windows of information ` Semper Fone. eae ra 
met relate to your of trouble spot at EN Up wo fy 0 in a me um =n A " A nci PDQ T 
program and fleld levels. ata i a lc a — | nnouncing 
OF Quick-and-Easy Error Handling. a 
Complete Il traps errors and gives a plain- * Mandy 13.00 ansete ard 15 methods uf 
English description of the problem along NEW dioe —Áa(— Transfer your valuable Peachtree account- 
with suggested solutions. 95 ali ing information to Lotus 1-2-3*, dBASETM 
(Range Printing. Print all information * Tracks cras arai profitabity on 1 jobs job basis and other programs foc further analysis, 
on 3 "or adea Be ra ct " Compare: aimar caus wih actual coss for plus creaie custom reports, invoices and 
Ceca on for print ne à ^ great feature | a — statements with Peachtree Data Query Il. 
For restaning long reports or partial printing Ule current year Federal. siste, city and Updated to take full advantage of the in- 
of cerain sections. ciamy fax tables far aff $0 states WHE somale creased capabilities of Peachtree Complete 
, Ciiculadon capshitirie Ea II, PDQ II is priced at just $199. Call today 
—— ashe karta or dire wg Pac to order! 
HEW ir ag iss into. puram Hardware Spccifications 
| 5 | MÉW Suppons Cheer Pan Requires PC/MS-DOS version 2.0 or higher with 384K of 
a Lc ag ca creer i with the IRM PC, "PC XT. PC AT. Feu) Synem? el 
| NEW P d id a ad VOR pd | vene ea e . 3%" media optionally avaiable (BM is a 
omatically rademrark and Personal SyMcmu/2 bs a Crademark 
Bes — = = a ein Intemational Business Machines. Not copy protected. 
To Order by Mail, Send $199 


Call Now to Order 
or for a Dealer Near You 


1-800-247-3224 


" 4 4 Mernisit of ibe Intelitent Systems Family 
Int Georgia, call 1-404-564-5800 e Nadie iuo Vc SPR 
Norcross, GA 3009 


Plus $12.50 Shipping and Handling to: 
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Byiiachi COR-1509S CD-ROM DRIVE $729 

with Digital Audio Input/Output $929 

Full hégnr standalone - ont auto load - Hi-Fi CD audio caps- 

bililies darth CO-PLAY described beiow) daisy chain capati 
ites ior IBM PCIXT/AT and tuh cornpal ies 


Wrutachi CDR-3500 CD-ROM DRIVE $829 
with Oigital Audio Input/Qulpul $979 
Hal! height » wiarmat mount - same lyatures as Hitachi 

COR 15935 
$2799 


Worn DRIVES—400 MB 
—B800 MB $3799 
Full hegit - standalone - hor EM POX THAT and lul compatibles. 


da lar pricing an all Hagha, Pritkes, Denon Sony and 
Panasonic drrves 


SOFTWARE FOR HITACHI AND COMPATIBLE 
CD-ROM DRIVES" 
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Peremils user to play CD audio disks. RAM 
resident “Pop-up” accessory -campal 
ite with 21 mayer 5oftwata - necognites 
OO ard rispisys track tille information 


gularis to headphones or stereo em 
pater 
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ping functions for electronic musicians 


licores $195 
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not be used with other controllers, and 
npn-Apple-type drives cannot be used 
with an Apple controller. 

The Apple drive hardware and safi- 
ware is discussed in considerable detail 
in the following books: Understanding 
the Apple II by James Sather, Under- 
standing the Apple IIE by James Sather, 
Beneath Apple DOS by Don Worth and 
Peter Lechner, and Beneath Apple Pro- 
DOS by Don Worth and Peter Lechner. 
All four books are available from Quality 
Software, Computer Book Division, 
2/601 Marilla 5t., Chatsworth, CA 
91311. 

Al one time, there were several sources 
for kits to convert industry-standard 
drives made by Shugart and MP! to wark 
with the Apple controller. You might be 
able to use one of them to adapt drives 
such as the Remex 480 you mentioned. / 
know of only one source now: W.M. En- 
rerprises, 266 Hillsmere Dr., Annapolis, 
MD 21403.—Steve 


An Apple Coxswain 
Dear Steve, 

| have a rowing exercise machine 
hooked up to my Apple Il using the game 
I/O connector SW2. It keeps track of the 
number of strokes I do, and. using the a 
second interrupt on my mouse card, | can 
display the time. strokes per minule, re- 
quired strokes per minute, and other cal- 
culations that ] want. 

i would also like to monitor my heart- 
beat and increase or decrease my re- 
quired strokes per minute based on my 
pulse rate. I've seen several units that 
monitor your pulse using infrared sensors 
on either the finger (not good for rowing) 
or the carlobe. 

I picked up an infrared phototransistor 
(TEL414} from Radio Shack and hooked 
it up to one of the paddle connectors. It 
works with a lighi source, giving differ- 
ent values as the distance from the light 
varies, but it isn't going to work on the 
earlobe or the finger the way it is. Can 
you give me some help with this? 

Dave Partyka 
Lorain, OH 


You've already gor about half of what 
you need to monitor your pulse, The 
other half consists of an infrared LED. 
which you can obtain from Radio Shack. 
You should connect the LED berween +5 
volts and ground using a series resistor 
with a value in the 100- ta SO0-ohm 
range. 

if you place the LED on one side af 
your earlobe and the phototransistor on 
the other, you should be able to monitor 
pulse frequency. You may need to experi- 
meni with various series resistance 
values (varying LED brightness) ta oh- 


iain the best results. Fastening the rig ia 
your ear may be ihe biggest headache. 
Perhaps you could use a post-type car- 
ring, with the LED and phototransistor 
epatied in position. 

A more sophisticated method might use 
a photodiode buffered with an op-amp in- 
stead of the phototransistor. This would 
give you a faster response, but you mav 
not need it for your application, —Steve 


Love Me, Love My Imagewriter 
Dear Steve, 

[ surrender! After a number of ycars as 
an Apple user, I have concluded that I 
must swilch to an MS-DOS machine. 
However, I have developed a fondness for 
my 15-inch-carriage Imagewriter, and 
therein lies my question. Will my Image- 
writer work using the standard serial port 
on IBM clones? Will I have problems 
using my Imagewriter with products such 
as Lotus 1-2-3, dBASE. and Microsoft 
Word? I live in Heidelberg, West 
Germany, and technical assistance (in 
English) is hard to come by. | hope you 
can help. 

Alan P. Alborn 
APO, NY 


Your desire to keep your fmagewriter is 
understandable—it 's an excellent printer 
that's worth holding on to, You can use ii 
with an IBM-type computer with minimal 
effort, There is one potential problem 
that. you may encounter, however, which 
leads us to the RS-232C follies. As many 
people have discovered, "RS-232C stan- 
dard" is an oxymoron, like "harmonious 
discord. ” 

The Imagewriter is configured for 
DTE operation. If the serial port on your 
IBM PC is also configured for DTE, the 
result will be a conflict between the two 
devices. The simplest solution is to con- 
figure your serial port for DCE operation 
(if possible). Some microcomputers come 
with twe serial ports—a printer port 
wired for DTE and a modem port wired 
for DCE. Usually, you can alter confi- 
guarions with shorting blocks or switch 
settings. Consult the documentation. of 
whatever PC you obtain to determine the 
procedure for making the change. If you 
cannot configure the port suitably, vou 
could use a null modem cabie or adapter. 

As with RS§-232C, there is no such 
thing as a standard null modem cable. To 
simplify the confusion. let's assume 
vou 're using a cable with a DB-25 con- 
nector at each end. In ail common varia- 
tions, pin 2 at cach end is tied to pin 3 at 
the other, and pin 7 connects straight 
through. The rest of the connections vary 
considerably, Some of the possibilities 
are as follows: 
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EasuLink 


You've created a file or document on your Western Union EasyLink lets you send mainframe. And communicate between 
PC. Now what? and receive data and documents between offices or businesses. 

computers. Without a detour onto paper or 
the inconvenience of a courier. And you 
can be sure what you send is exactly 
what's received. 


Best of all, the cost of sending a message 
is comparable to a postage stamp. And 
unlike telephone, the distance makes no 


Because most business information needs 
to be communicated, most people print the 
computer file and send the papers by mail, 


Courier or fax. Or maybe send a floppy disk. difference. 
You can use EasyLink to move the infor- 

ear — et i - mation that moves your business in sec- Western Union—a leader 

i ane onds. You can move orders and text files. {n electronic communication 
That's the time-honored — and the time- Receive reports and graphics. Even send With EasyLink, we're bringing proven 
consuming — way of doing business. product specs and spreadsheets. reliability to today's technology. And you'll 
What's a faster, cheaper, better way? Fast revisions—without rekeying Sel addled "m e omg M 
Western Union EasyLink® service. like InfoMaster , the largest electronic 


EasyLink connects the computers you use, — library with more than 800 databases. 


regardless of type or location. Fileson one =| EasyLink take your PCs from creation 
computer can be sent to other computers, — i5 communication. To learn how your 


eliminating the need to rekey data. business can benefit, return the coupon. 


More than just computer Or call: 

communications 1-800-247-1373, ext. 7181 

EasyLink even lets you send messagesto —— —- — — — — — — — — 

fax machines. Reach your company's | ves, tell me more Y 


Show me how EasyLink can turn my company's 
PCs into an efficient, economical new way to 
communicale. 


Name 


| 

IF YOU CREATE ITONAPC | —— — — 
SENDITON A PC c — 
be eee, T] 


Bus Phone [ ) 


Mali to: Western Union EasyLink 
PO. Box 37472 
Omaha, Nebraska 68137 


Orcal: 1-800-247-1373, ext. 7181 
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LABELING 


LABELS. 


For DOT MATRIX and 
Laser Printers 
(Epson /TBM/ Okidata/LaserJet) 
* Labels for shelves, bins, inventory 

e Text readable up to 50 It. 

«Bar Codes: | 2 of 5, UPC/ EAN 
MIL-STD, AIAG, Code 39 

* Any size label «Flexible format 

« Color options + Reversals e Fasi 

€ Fila input * Menu driven e $279 

e Other bar code programs from $49. 

* Nat Copy Protected! 


JO Day Money Back Guarantee! 


Bar Code Readers 
for PC, XT, AT, PS/2 


» Reads 2 of 5, UPC/EAN, Coda 389 
*Atiaches as 2nd Keyboard 


* No software chenges to add bar 
codes to any program 


* Rugged ataintess steel wand 


2 Optional Magnetic Stripe Aeader 
oniy $100 additional 


$ External attach to all P372 models 
* Extarnal OR Internal to PC, XT, AT 
s Upgrade fram PC to PS/2-only $30 


M emm 


30 Day Money Back Guarantee! 
ORTHINGTON 


DATA SOLUTIONS 
417-A Ingalls Street, 
Santa Cruz, Caliiommia 95060 


408/458-9938 
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© Tie pins 5, 6, and 8 together at each 
end, then connect them as a group to pin 
20 at the other end. 

* Tie pins 4 and 5 together at each end; 
tie pins 6 and & together at each end, then 
connect to pin 20 at the other end. 

* Tie pin 4 at each end to pin 5 at the 
other; tie pin 20 at each end to pin 6 at the 
ether. 


You can ignore pins that ! haven 't men- 
tioned above. You may need a breakout 
box, and yox ll certainly need a lot of pa- 
tience to get things working. You can sim- 
plify the situation somewhat by using a 
straight-through connecting cable to- 
gether with a prewired null modem 
adapter (both available from sources 
such as JDR Microdevices and Jameco 
Electronics-—see the back of BYTE for 
their ads). ft is usually easier to alter the 
connections inside an adapter than to re- 
wire the cable itself. —Steve 


Parts Is Parts 
Dear Steve, 

I enjoy building interface cards for my 
Apple IT (I purchase bare boards for this). 
Usually, I have no problems locating the 
parts I need. However, I have now run 
into a brick wall. [ am looking for a Gen- 
eral Electric DS3D PC-mount nickel- 
cadmium battery and a TTLDM-100 
time-delay IC. If you know where I can 
locate these components, please let me 
know. 

Joseph E. Pratt 
Si, Ann, MO 


It's always encouraging to hear from 
fellow “roll your own” types. In a field 
increasingly dominated by appliance 
users, pufling together your own hard- 
ware can get pretty lonely. While I can 
make a number of suggestions regarding 
your quest for paris, it would be easier to 
be specific if you had provided more in- 
formation (such as the number of pins, 
the width of the sought-after IC, and the 
voltage/amperage of the needed battery). 

Your best bet for obtaining the nickel- 
cadmium batiery (GE DS3D) you require 
is probably an industrial supplier in a 
major nearby city, such as St. Louis or 
Kansas City. You can probably obtain the 
battery for its equivalent) through 
sources you should be able to locate in 
the phone book. Digi-Key Corp. (P.O. 
Box 677, Thief River Falls, MN 56701), a 
frequent advertiser in BYTE and other 
publications, carries a line of nickel-cad- 
mium barteries in various sizes, although 
most are designed to be used in holders 
rather than soldered directly into a 
printed circuit board. You might be able 
to use one of these batteries with minor 
board modifications to accommodate the 


banery holder. it’s important to match 
the battery's valtage, amperage, and 
charge/discharge rate if you make a sub- 
simution. You may also have to make 
slight circuit modifications to permit sub- 
stitution of a nonrechargeable type (such 
as a lithium cell). The major component 
in such a circuit change i5 the addition of 
a diode such as a IN914, to prevent 
charging (you may also need a resistor). 

The [C designation you've given— 
TTLDM-100—doesn't match anything 
I've been able to find in my references. 
Perhaps it is a manufacturer's in-house 
number, —Sieve 


CIRCUIT CELLAR FEEDBACK 


Remember the 5-100? 
Dear Steve, 

Several of my friends and projects are 
on hold for lack of information. For the 
most part, ['ve exhausted local sources, 
so my roommate, Alex Pournelle, sug- 
gested I write and ask you. 

At the moment, niy main home com- 
puter is a CP/M Jade "Big Z" CPU card 
with a Z80 and one serial port. a Jade 
"Double D" 8-inch floppy disk control- 
ler and four 8-inch drives, a 64K-byte 
CMOS memory board (with the address 
range FOO0-FFFF hexadecimal locked 
out for the monitor/boot ROM and disk 
window), and a CCS 2830 six-port R5- 
232C card. All these boards are suppos- 
edly IEEE-696 compatible, and I have 
mangled the BIOS to support them. This 
system runs in an old 12-slot Problem 
Solver Systems cabinet with two internal 
8-inch drives. 

Over the years, I have reconfigured the 
system many times, but I always run into 
either power supply or siot-count limits, | 
have a number of S-100 peripheral boards 
on the shelf, and | have recently been 
given another complete CP/M systein 
consisting of an ICOM dual floppy disk 
drive system, a Soroc terminal, and an 
IMSAI 8080 S-100 frame holding even 
more S-100 boards. I'd like to convert the 
IMSAI itself to IEEE-696, so that I can 
move my existing system into the IMSAI 
frame (which has a much larger power 
supply and 22 slots). My problem is that I 
have not been able to locate any informa- 
tion about updating old S-100 bus 
equipment. 

I'm sure there are thousands of Altairs, 
IMSAIs, Vectors, and North Stars out 
there gathering dust. They only need up- 
dating to the IEEE-696 standard and add- 
ing some modern Godbout, Teletek, Lo- 
mas, or Advanced Digital S-100 boards 
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Jl f you program in C, take a few 
moments to learn how Windows for 
Data can help you build a state-of-the- 
art user interface. 


(v* Create and manage menus, data-entry forms, context- 
sensitive help, and text displays — all within windows. 


MM Develop window-based OS/2 programs right now, 
without the headaches of learning OS/2 screen manage- 
ment. Run the same source code in PCDOS and OS/2 
protected mode. 


(vf Build a better front end for any DBMS that has a C- 
language interface (most popular ones do). 


FROM END TO BEGINNING 


Windows for Data begins 
where other screen packages end, 
with special features like nested 
pop-up forms and menus, field en- 
try from lists of choices, scrollable 
regions for the entry of variable 
numbers of line items, and an ex- 
clusive built-in debugging system. 


NO WALLS 

lf you've been frustrated by the limitations of other 
screen utilities, don't be discouraged. You wont run into 
walls with Windows for Data. Our customers repeated- 
ly tell us how they've used our system in ways we never 
imagined — but which we anticipated by designing Win- 
dows for Data for unprecedented adapatability. You will 
be amazed at what you can do with Windows for Data. 


UT DAS Jie, UT 
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Curgor keys sc soroll, ENTER rir and ESC exits choice mem 


Qs. 


WINDOWS F OR DATA? 


Tine: 


Cus bomair - — 
I| Willian Jones WE w 
Innovativa Saftuare | 
| 351 Bulletin Avenue 

Maedham, MA — 82194 Cæ | 

(ol?) 394-5512 h 4 goP- Ut 


QUANT ITY PRICE AMOUNT 


Subtotal: | A«o1^ 
Shipping: b^ E 
TOTAL. =| g55^e 
l'ausent M pow! 
—— win 


YOU ARE ALWAYS IN CHARGE 

Control functions that you write and attach to fields 
andior keys can read, compare, validate, and change the 
data values in all fields of the form. Upon entry or exit 
from any field, control functions can call up subsidiary 
forms and menus, change the active field, exit or abort 
the form, perform almost any task you can imagine. 


OUR WINDOWS 
WILL OPEN DOORS 

Our windows will open doors to 
new markets for your software. 
High-performance, source-code- 
compatible versions of Windows 
for Data are now available for 
PCDOS, OS/2, XENIX, 
UNIX, and VMS. PCDOS 
versions are fully compatible with Microsoft Windows. 
No royalties. 


MONEY BACK GUARANTEE 

You owe it to yourself and your programs to try 
Windows for Data. If not satisfied, you can retum it for 
à full refund. 

Prices: PCDOS $295, Source $295, OS/2 $495. 
XENIX $795. UNIX, VMS, please call. 


Call: (802) 848-7731 ext. 51 
Telex: 510-601-4160 VCSOFT FAX 802.848-3502 
Vermont 21 Elm Ave 
Creative Richford, 


Software VT 05476 
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UNIX is a trademark ^ 
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SORD Wins C, MV *f / 
Hands Down QANE A — 


i 


MOBOIUDA4 


Series 


|! *Operable with UNIX 
x Astonishing speed: use of 32-bit Motorola 68020 CPU 
x Easy expansion: YME bus architecture 
Also available on OEM basis. 


soerD 


sofware & haf@OQ ware 

— Quality through technological innovation — 
SORD COMPUTER CORPORATION 

20-7, Masago 5-chome, Chiba-shi, Chiba 260, Japan 


UTAH 


COBOL. 


VERSION 4.0 
For IBM®PC's, XT's, AT's and other DOS machines. 
This is the one you've heard so much about — with fast 
compile times, small object code modules, no royal- 


TEL (0472)79-2671 TLX 3722484 SORDC J FAX (0472)77-6696 
New York: (212)759-0140 
9 » 
ties, and clear error messages. Version 4.0 is based 
upon ANSI-74 standards with new features including: 
e Mult-key Indexed files with up to 24 keys. This advanced leature requires the software 
package Btrieve "Which is optionally available. 
e Windowing, pop-up's, color and averlays. This advanced feature requires the soltware 
package Saywhat?!' which is optionally available. 
e ACCEPT numerics with decimal point alignment, numer checking, AUTO-SKIP, SECU- 
RITY, LENGTH-CHECK, EMPTY-CHECK, 
e Fast memory mapped DISPLAY's (1, 5) ERASE, BEEP, ATTRIBUTE. 
e Level 88's - READ INTO - WRITE:'REWRITE FROM - and DELETE 
e An easy to use, COBOL source code EDITOR with auto line numbering, A-margin, B- 
margin tabbing with full screen cursor control 
Current customers can receive the new version by sending in their original diskette and 
$30.00. This offer expires Dec 31, 1987 


Also available: Utah FORTHAN, Utah BASIC. Utah PASCAL. Utah PILOT. Btrieve and 
Saywhat?!. Used by 50,000 professionals, students and teachers in 40 couniries 


NEW 


SINCE 1977 

ELLIS COMPUTING'" 
To order call: 5655 Higgins Court, Suite 10 
(702) 827-3030 Reno, Nevada 89502 


IBM iS à fequsterad trademark of International Business Machmes, Inc Btrieve is a registered trademark ol Soltcrafl, inc 
SAYWHAT?! is a trademark at Tha Research Group Utah COBOL is a trademark cf Elis Computing, Inc — 1987 Elis 
Computing inc 
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CIARCIA FEEDBACK 


to turn those computers back into con- 
tributing members of a computing soci- 
ety. Upgrading old $-100 equipment to 
IEEE-696 might make a good topic for an 
article. 

I will probably buy an SBI80 (Septem- 
ber 1985 Circuit Cellar) if I can modify it 
two ways: adding 512K bytes for an ex- 
panded RAM disk, and interfacing an 
ST-506 drive to it (sacrificing the SCSI 
port if need be). My application is a pro- 
cess control system that must be able to 
survive a very dusty environment, wil] be 
30 miles from the nearest road (i.e., in- 
frequent service calls), and will be able to 
receive remote uploads via modem. 

I plan to buy your Home Run Control 
System (April 1985 Circuit. Cellar) or 
build my own. However, I'd like to add to 
it a receiver for X-10 codes so I can con- 
ttnue using my telephone responder and 
ultrasonic console (on different house 
codes to avoid undesired interaction). 
Have you considered this option? 

My house was built in the late 1930s, 
and it's extremely difficult to run any 
kind of wiring inside the walls or the 
attic. (The current Heathkit catalog has 
an X-10 module designed to connect to 
dry contacts on a household alarm sysiem 
to output an “ali lamps on" command or 
“all lamps on" plus "one appliance 
module on™ command. This transmitter. 
modified for only the "appliance module 
on" code, would be ideal, if 1 could set up 
the Home Run Control System so il 
would receive the signal and then respond 
accordingly.) 

This is an idea for a future Circuit Cel- 
lar project: Many people (including my- 
self) are still using daisy-whee] printers 
on printer buffers. Often, when I'm 
printing a large piece of correspondence, 
] use several different print wheels, de- 
pending on what symbol I want. I might 
use one wheel for text, another for italics, 
and another for mathematical symbols. | 
have not yet seen a printer buffer on the 
market that accepts a "pause code" (i.e, 
a series of bytes that [ could send to the 
buffer, commanding it to pause so I can 
change print wheels, then push a Con- 
linue button on the box so that printing 
resumes). 

Also, only one manufacturer that [ 
have seen offers a buffer that allows you 
to select serial or parallel in and serial or 
parallel out, so that you can still use the 
buffer box even if you change your 
printer, your computer, or both. 

Mike Morris 
Arcadia, CA 


Let me get this siraighi: Alex Pour- 
nelle's roommate is asking me for infor- 
mation? This sounds like Dear Abby get- 
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The best decision for 
millions of businesses, 
educators and home users. 


Quality. 


Reliable performance i is our design objective. 
Our engineering team takes pride in the ex- 
ceptional quality they can produce utilizing 

our proprietary test equipment. The result: a 
33,000-hour mean time between failure. 


Compatibility. 


Our MS-DOS* based computers are the besr- 
selling PC compatibles in America. Tandy 
286- and 386-hased business systems are 
Microsoft® OS/2 ready as well. 


Why Tandy Computers? 


Because there is no better value. 


MS-TX YSIReg. TM Micmsoft Corp 
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Technology. 


Innovative design, custom circuitry and dis- 
tinguishing features make our computers 
more than just clones. Plus, every Tandy 
desktop computer is designed and built in 
our own USA manufacturing plants. 


Connectivity. 


Tandy PC compatibles can he linked into a 
workgroup for cummunicattons with other 
PCs and maintrame Computers alike. 


* 
Longevity. 
Technology has been our business for sixty- 
six years. In 1977, we became rhe first com- 
pany to successfully manufacture and market 
a personal computer— nobody's heen in the 
business longer. 


High performance, great prices and rhe best 
service and support in rhe indusrry. 


Tandy Computers: 
Because there is no better value. 


Radio Shaek 


COMPUTER CENTERS 


A DIVISION OF TANDY CORPORATION 
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PowerStation 


A Complete VT220 / VT241 Work Station 
Upgrade for the IBM PC/XT/AT and PS/2 


4 
YT at) style keyboard and ZSTEM VT230 Emuliton Sota 
Qplonal WPS ababe keys (GOLD KEY MODEL) aud E30 
25TEM pc - VY240 Emulator | Emulsion Sotware Only. $295 
VY240/241 Emulabon software weh ali Ihe features of ZSTEM VT220 pus 
ZSTEM 4014 owai ana Fels grapes E 
Power aior" 220 5269 
VT220 style keyhoard and ZSTEM VT220 amalan Sotteae 
Optional WPS byada keys (GOLD KEY MODEL) add $90 
ZSTEMpc"-VTZ20 Emisor Erai Software only $150 
All ino waye Of ZSTEM VT1OO plus B-b4 mode. downloadable loris. 


|. use dehoed keys, ful nationalmullf-natens) modes, Extended macms- 


Ho language True 132 colares on Hercules. VAs, Super FGASs. and 
standard EGAS vang Ihe EGAmate opben. 126 columns un CGAs 43 ine 
support on EGAS Enhanced keyboard support Ungermani Bass Nst'na 
and VME: senais dor MERDOS support 


“Now true 800 
pixel wide VT247 
dispiay and 
VI220/VT241 


Support for 
VMS Services 
for MS-DOS." 


EGAmale * £39 
Ügughlerbogrd opbon tor 122 cokanns 3od 800 poral 
ReGis un ctandard EGA adapiors 

PSZ2Z $19 
Keyboard adupio: cable tor PS200 on PS? este 
ZSTEMoc"-414 Emoia ven 
Use wih ZSTEM VTY00, vT220, o stand-alone 
Vrüeractwe AHT and oan Suwwrecal mages Imm 
disk Keypad, mouge, cages, pomi, potter, ang 
TIFF Support 4100 color and Ima shte color mapping 
640 5 A and D4D x 480 on some adapiorimondors 
ISTEMpe- NT 160 Emulator $99 
High peraman COLOR TIOJ Tre double 
hightwie amoh soob BO ad emu 
mapped coor XMODEM and KERMIT. solikey/MAC. 
ROS, DOS access. 


KEA Systems Lid. 


#412 - 2150 Was B 


, Vancouver, B.C. Canada Y6K 4L9 


Support (604) 732-7411 TELEX 04-352848 VCR FAX (E04) 732-0715 


Order Desk (800) 663-0702 Tolt Free 
20 day rmoney Gack guanine AMT XIANTIVESA 
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CIARCIA FEEDBACK 


ting another letier from the lads at Yale! 

I've got to admit that alf my §-100 and 
CP/M knowledge is rather dated by 
now—and not having done anything with 
it for a while, the grisly details are fading 
fast. The current repository of such 
knowledge may be the S-100 Journal, 
which you can reach at P.O. Box 1914, 
Orem, UT 84057. It’s $14 for a year's 
worth of quarterly issues, $27 for 2 
years. A letter to the editor of S-100 Jour- 
nal might well turn up someone who 
knows the answers to your [EEE-696 
questions. 

For the original SBI80 design, 256K 
bytes is the upper limit on the RAM. The 
boot EPROM shows up in the lower 256K 
bytes of the total 512K byles of address 
space and is not fully decoded. You could 
hack the board to "shadow" the EPROM 
and add more RAM on ihe expansion 
port, but it might be a little messier than 
you'd like, because we didn't really in- 
rend to expand the SB180's RAM. The 
newer SBI80FX, which uses the same 
HD64180 as the SB180, allows up to 4 
megabytes of RAM. 

As far as hitching an ST-506 hard disk 
drive direcily to the SB180 goes, { think 
you ‘re wasting your time. Admittedly, the 
drive is cheap. but if you're figuring in 
any nonzero value far your time, the total 
cost is going to be a lot higher, particu- 
larly because this sounds like a one-time 
project. 

If you're looking for reliabiliry, you 
want a stock solution without litile yellow 
wires hanging off the boards. It's always 
fun to mess around with (read “im- 
prove ") someone else's circuitry, but is 
that really what your client wants? Re- 
member, he's paving for results, not 
“clever” design. 

Back to the SBIBOFX. ft has a SCSI 
port on-board, so it's easy to add an ex- 
ternal hard disk drive with un outboard 
SCSI controller, such as the XEBEC 
1410A. (You can usually find someone 
advertising the XEBEC controller in the 
back of BYTE. This device allows a SCSI 
port to control an ST-506 hard disk 
drive.) 

Concerning your remarks about an X- 
10 receiver, stay tuned for a few upcom- 
ing Circuit. Cellar power-line projects. 
These prajects should provide vou with 
the X-10 conirol you appear to be longing 
for. 

Another upcoming project is the Cir- 
cuit Cellar SmartSpooler, which func- 
tions as a rather bright print spooler with 
ali combinations of parallel and serial in- 
puts and outputs. i'm setting if up to 
allow downloading custom software 
through the standard printer port, so you 
can tinker with this project to add a 
"pause" code, —Steve mI 
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...,ABOUT ANALYZING J 
YOUR DATA. spreadsheet alte too thin Or 
maybe youre starting from scratch. But if youre serious 


about data analysis, youre ready for S C+" —a full 
software family that brings you eight high-powered ways 


to complete on data analysis task. 

Enter it, SPSS Data Entry | II” is a fully integrated data 
entry, cleaning and editing tool. 

Analyze it, 3 + base package provides a 


powerful array of statistical and reporting procedures. 


Picture i, SPSS/PC4- Graph-in-the-Box" featuring New 


England Softwares Graph-in-the-Box" offers full color 
"snapshot" graphics. 

Examine it, SPSS/PC-- Advanced Statistics" lets you 
get more serious with your data. 

Predict it. SPSS/PC-- Trends" —our latest option- is the 
complete time series analysis/forecasting tool. 

Table it. SPSS/PC-- Tables” produces presentation- 
ready tables instantly. 


DSS [ 
SPSSPC+ mns on FEM POCACTAAEDTS wath tard disk. Contact SPSS kc. ior compealibie 


SPSSPC+ Penis. SPSSPC: Tablon, 
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[TITOCOFTMOC IE S 
SPSSPC+ Graptets and SPSS/PCÁ Mapping are Uaemane 
Macrosol| Corporahon. MAP-NLASTEA is a bactemark of Ashton: Take Graphdrrthe-Bos t a tradernenk of 


Chart it. SPSS/PC+ Graphics" featuring Microsoft" 
Chart creates show-stopping graphs and charts. 

Map it. SPSS/PC+ Mapping" featuring MAP-MASTER" 
oni maps where vast amounts of data can be sum- 
marized and presented in one, simple picture. 

+ products are being put to productive use 
Dy serious fact finders in business, government and edu- 
cation. For countless purposes such as market research. 
Wage and salary studies. Survey analysis. And quality 
control. Plus each product is superbly documented and 
supported by SPSS Inc., a leader in statistical software 
for nearly 20 years. While specially tailored customer 
Support is available through the VALUE PLUS" plan. And 
SPSS now offers a S + version for Novell LANs, 

So if you're serious about data analysis, step up to 
SPSS/PC4-. For details, contact our Marketing 


ow" CALL 1/312/329-3315 


SPSS Inc. « 444 North Michigan Avenue, Sute 3000 = Chicago, Hinas 60611 
In Europe: SPSS Europe BV * PO. Box 115 * 4200 AC Gonnchem, The Netherlands * Telephone: + 31183036711 * TW: 21019 


SPSSPC e. SPSS Data Entry 1l, SPRSPC+ hyhy. SPSSPC+ Advanced Sigeshos, 
OF SPSS Mo VALUE FLAS M B RENTUR c inc. Charl and Mimo are Wüorernarke of 
New England Sol tere © 1987. SPSS inc 
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The new COMPAQ DESKPRO 386/20" 


The world now has two new 
benchmarks from the leader 
in high-performance personal 
computing. The new 20-MHz 
COMPAQ DESKPRO 386/20 and 
the 20-lb., 20-MHz COMPAQ 
PORTABLE 386 deliver system 
performance that can rival 
minicomputers. Plus they intro- 
duce advanced capabilities 
without sacrificing compatibil- 


ity with the software and hard- 


ware you already own. 


It simply works better. 


Both employ an industry- 
standard Intel’ 80386 micropro- 
cessor and sophisticated 32-bit 
architecture. Our newest porta- 
ble is up to 25% faster and our 
desktop is actually up to 50% 
faster than 16-MHz 386 PC's. 
But we did much more than 


simply increase the clock speed. 


For instance, the COMPAQ 
DESKPRO 386/20 uses a cache 
memory controller. It comple- 
ments the speed of the micropro- 


cessor, providing an increase in 
system performance up to 2596 
over other 20-MHz 386 PC's. It's 
also the first PC to offer an op- 
tional Weitek" Coprocessor Board, 
which can give it the performance 
of a dedicated engineering work- 
station at a fraction of the cost. 

They both provide the most 
storage and memory within their 
classes. Up to 300 MB of storage 
in our latest desktop and up to 
100 MB in our new portable. 


most powerful PC's 


and otf. 


and the new 20-MHz COMPAQ PORTABLE 386" 


Both use disk caching to inject 
more speed into disk-intensive 
applications and both will run 
MS' OS/2. 

As for memory, get up to 16 MB 
of high-speed 32-bit RAM with 
the COMPAQ DESKPRO 386/20 


to break the 640-Kbyte barrier 
imposed by DOS. 

With these new computers 
plus the original COMPAO 
DESKPRO 386", we now offer 
the broadest line of high- 
performance 386 solutions. 


and up to 10 MB with the COMPAQ They all let you run software 


PORTABLE 386. Both computers 
feature the COMPAQ' Expanded 
Memory Manager, which supports 
the Lotus"Intel'/Microsoft' Ex- 
panded Memory Specification 


being written to take advantage 
of 386 technology, including 


Microsoft, Windows/386 Presen- 


tation Manager. It provides 
multitasking capabilities with 


Circle 58 on Reader Service Card 


today's DOS applications to 
make you considerably more 
productive. But that's just the 
beginning. For more informa- 
tion, call 1-800-231-0900, 
Operator 43. In Canada, call 
416-733-7876, Operator 43. 


Intel, Lotus, Microsoft, and Weitek are 
trademarks of their respective companies. 
©1987 Compaq Computer Corporation 
All rights reserved. 
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You Never Regret A 


Intel 80286 (Mene d | 
Phoenix Bios * 1.2 M Floppy 
102 - Key Enhanced PC - Style Key 


1 Meg of Parity Checked RAM — 
Clock/Calender with Battery Backup 
WYSE window ag atatus display 

190 W Power Supply * GW-Basic 3.21 
1 Serial an y Paralle! Port 
MS-DOS 3.21 and Users Guide 
20 Meg 65ms Hard Disk Drive 


1 795 HERCULES COMPATIBLE 
$ We B cv 


-— = = 


F Decision 


1 1 Meg of 0 wait ‘PC ek ram 
Clock/Calender with Battery Backup 


Ó WYSEwindow system sistus display 


| Serial and 1 Parallel Port 

GW - Basic 3.21 a 220 W Power 

MEDOS Be ey oe iis 
41 Meg 28ms Hard Disk Drive 


$3,750 
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EGA COLOR SYSTEM - $4.250 

SNAM With WY-640 Hi Res EGA MONITOR - 4,2 
PTIONS 

a 2nd Floppy Drive 5 1/4" 360K $99 * NEC Multisyne EGA Monitor $99 

* 2nd Floppy Drive 3 1/2" 720K $155 ¢ 71 Meg 28 ms Hard Disk Drive $450 

* 4I Meg 28ms Hard Disk Drive $210 * Math Co-Processor 

» 1200 Baud Internal Modem w/Software $99 ¢ Extended Service Contract. Available 

* 2400 Baud Internal Modem w/Software $199 e Other Options Available 

» 


12.5 MHz Speed Option $450 


THIRTY-DA Y MONEY BACK GUARANTEE 
You can return any B & W SYSTEMS, INC computer system within 
thirty days of the date of shipment. Return the items like new with 
complete documentation, warranty cards and packing materini 
Return product cards and packing material, Return product must be 
labeled with a Rabturn Merchandise Authorzation (RMA) number ond 
shipped prepaid and insured, 


ONE YEAR LIMITED WARRANTY 
We warranty our producta to be free of defects im material nnd 
workmanship for a period of one vear from the date of shipment. ‘The 
Warranty covers Lhe cost of all materials and labor, 
— WORLDWIDE SERVICE AND SUPPORT 
— QUANTITY DISCOUNTS AVAILABLE 


— No Extra Charge for Visa or Mastercard 


Trademarks: 


TO ORDER TOLL FREE 
1-800-638-9628 


For Information Call — (301) 963-5800 


Visa * Master Card 


B è W: 7877 Cessna Ave 
SYSTEMS INC. = Gaithersburg, MD 
20879 
Er ikl B & W SYSTEMS, INC. 


WYSE -- trademark of WYSE Technoloy * MS-DOS & OS/2 — trademark of Microsoft Corporation * Hercules — trademark of 


Hercules Computer Technology + NEC — trademark of NEC Corporation + PC-MOS/3R6 — trade mark of Software Link. Specifications, con: 
figurations, and prices subject to change without notice, Copyright 1987 B & W SYSTEMS, INC. 
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BOOK REVIEWS 


THE MS-DOS 
ENCYCLOPEDIA 
Ray Duncan, editor 


IBM PERSONAL 
SYSTEM/2 AND 
PERSONAL COMPUTER 
BIOS INTERFACE 
TECHNICAL 
REFERENCE 


MEMORY RESIDENT 
PROGRAMMING 

ON THE IBM PC 
Thomas Wadlow 


EE -_——SE I: 
THE MS-DOS 
ENCYCLOPEDIA 
Reviewed by Bill Bourn 


Microsoft Press, Redmond, 
WA: 1988, ISBN 1-55615- 
049-0, 1570 pages, $134.95 


hat do you call a single 

volume containing over 
1500 pages, 15 appendixes, 
and 5 sections, one of which 
contains 20 distinct articles? 
Suppose that material came 
from i4 contributors and 64 
technical advisers. Microsoft 
Press calls this massive col- 
lection The MS-DOS Encyclo- 
pedia. With its multitude of 
distinctively presented exam- 
ples, written in both assembly 
language and C code, the book is closer to being a handbook, 
although you'd need Schwarzenegger’s wrists to manage it with 
only one hand. I guess "encyclopedia" has become an unwel- 
come synonym for "comprehensive treatise" since Jiminy 
Cricket first defined the word. 

In addition to the 20 articles written by such MS-DOS experts 
as Ray Duncan, Charles Petzold, and Van Wolverton, the book 
contains 240 pages detailing individual descriptions of MS- 
DOS user commands, 200 pages of usage descriptions for pro- 
gramming utilities, and 250 pages devoted to the description of 
DOS system calls via the INT instruction. Much of that material 
is already available in the respective user guides for the various 
software. Why repeat it all here? 

There is, I suppose, a good reason, depending on your need: 
The descriptions in the book span all the versions and OEM sup- 
pliers of MS-DOS— pretty handy if, as a programmer, you don't 
have all the versions of all the DOS manuals from Compaq to 
Zenith at your disposal. Even though this material has been 
covered elsewhere, including it al! in one volume (along with 
the possible error messages that you might get when using any 


Illustration by Len Kulberda 


command) turns that volume 
into the one to fetch for nearly 
ali DOS-related questions. 


The Articles 

The most unique part of The 
MS-DOS Encyclopedia is the 
first section, whose 20 arti- 
cles delve into those mysteries 
that have tantalized the intel- 
lectual DOS user. I was disap- 
pointed that the internal con- 
trol structures are so lightly 
covered in the article on the 
components of MS-DOS; it's 
rather like describing a car as 
a chassis, engine, wheels, 
fenders, and passenger corn- 
partment. I want to know 
about the pistons, crankshaft, 
and oil pump inside the MS- 
DOS engine. That level of de- 
tail is denied us here. 

Other articles deal with the 
structure of an application 
program; managing files, 
records, directories, and vol- 
umes; memory management; 
and several other topics— 
merely scanning the table of 
contents gives evidence of the 
breadth of coverage in this 
section. Nothing I read here 
(or elsewhere in the book) 
struck any discord with what | 
already knew about MS-DOS. 
I depend on the high caliber of 
the contributors for having 
checked the factual accuracy of the contents. 

A few articles deserve specific mention. In his article “Ter- 
minate-and-Stay-Resident Utilities,” Richard Wilton does a 
creditable job of classifying the kinds of trouble you could have 
trying to write a TSR routine for MS-DOS. After the “rules of 
the residency-road," he presents two TSR routines in complete 
form, with accompanying explanatory text. The first routine is a 
simple, passive TSR that merely says "Hello." The second TSR 
is a more useful routine that attempts to cover all the conditions 
under which a TSR might be invoked. This sample TSR is in- 
voked from the keyboard, writes to disk, recognizes the status of 
pending hardware interrupts, and generally addresses all the 
other nitty-gritty details that appear to be required for a success- 
ful TSR. 

Microsoft has yet to publish an official method or set of 
guidelines for using this DOS function, which has been in place 
since release 2.0. A myriad of useful routines have been pub- 
lished in that vacuum; all take advantage of the TSR capability 
but have widely varying degrees of compatibility with each 
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New dBase III Plus™ Compiler 
E Smaller EXE's B Faster compilation 
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BOOK REVIEWS 


Profuse examples and minute details 


make The MS-DOS Encyclopedia s 
coverage of debugging a must 

for any programmer who knows that 
even the purest of heart are visited 
by gremiins. 


other. The MS-DOS Encyclopedia takes a brave step into the 
resulting melee to give us these examples of "decent" TSR be- 
havior. However, the volume includes a disclaimer: "Microsoft 
cannot guarantec that the information in this article will be valid 
for future versions of MS-DOS.” 

TSR programs come up again in an article on the Microsoft 
object linker program, us an example of using the linker to orga- 
nize memory. This article and the preceding one on the struc- 
ture of object files (also by Wilton) may well be unique among 
books on MS-DOS, and this is undoubtedly due to the extreme 
specialization of the topic. The articles go into great detail, 
which is welcome here, particularly if you need to know how to 
build some food” for the linker program as a par! of your large 
proiect. The feast includes analysis of every bit of every byte in 
any object module. Wilton must have been working with Micro- 
soft's internal documentation to provide such a compleie 
description. 

Steve Bostwick's article, Debugging in the MS-DOS Envi- 
ronment,” vigorously attacks the prohlems facing a program- 
mer whose program doesn't work. Bostwick presents a variety 
of techniques, ranging from simple eyeball examination to com- 
plex analysis using CodeView, which comes with Microsoft's 
high-level language compilers. In one example, he uses a TSR 
program to echo data from the serial port onto the screen. The 
article briefly discusses hardware debuggers, their capabilities, 
and the circumstances for their use, but it avoids discussion of 
specific non-Microsoft hardware products. Profuse examples 
and details down to the byte in error make this coverage of de- 
bugging a must for any programmer who knows that even the 
purest of heart are visited by gremlins. 


What Could Be Missing? 

Amid the wealth of information included in The MS-DOS Ency- 
clopedia, it's hard to tell what might have been left out. Aside 
from a more detailed discussion of DOS's internal structure, T 
missed comprehensive discussions of networking and file-shar- 
ing. The first article, which describes the haphazard infancy of 
MS-DOS, includes a reproduction of a large scribbled diagram 
showing the original network support logic for MS-DOS 3.0, 
but the topic deserves an article of its own. (That first chapter. 
hy the way, is of interest to all DOS users, not just program- 
mers, and its worth borrowing the book just to read.) 

The book could stand to have a glossary and a bibliography, 
which are quite useful adjuncts to serious study—whatever the 
subject. It does have a two-part index that is unique; commands 
and system calls are listed separately from the other subjects. 
Getting used to this arrangement might take you a while, 

The complete set of the examples from the book is available 
on two 54-inch floppy disks, or presumably one 3'^-inch disk, 
for the exorbitant fee of $50. This seems to condone the use af 
the examples, bur Microsoft should make its intentions clearer 
about the use of sample code in a reader's own products. In 
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BOOK REVIEWS 


these days of copyright cupidity, I'd prefer to have a definite 
statement one way or the other. 

The code examples are set off by both typeface and color to 
good effect. As a rule, the typography is clean and uncluttered 
throughout the book. However, the tables are labeled inconsis- 
tently, many identical typographic structures face each other on 
opposite pages, one with a table designation and the other 
without. 

Similarly, the information about MS-DOS control structures 
is diagramed in two apparently arbitrary formats, One structure 
might appear in a table that lists field length and usage, while 
another is consigned to a more visual series of stacked rectan- 
gles, with descriptions inside. 

The cross-references to other articles are sometimes awk- 
ward, Whereas references to an appendix title include the letter 
designation, references to articles don't carry the corresponding 
article number, so the page headings (which appear on odd 
pages and which carry both rhe number and title) are less help- 
ful than they could be. 


Do You Need It? 

Why publish so extensive a work about MS-DOS now. on the 
verge of OS/2 ascendancy? Perhaps Microsoft thaught that MS- 
DOS is now mature enough that The MS-DOS Encyclopedia 
won't soon go out of date. The preface claims 10 million copies 
of MS-DOS are working now. Does this book belong next to al] 
of those systems? Emphatically not! The book's general editor, 
Ray Duncan, tags the book's audience as "the community of 
working programuners," but [ have to wonder how many pro- 
grammers are currently engaged in new MS-DOS application 
development with OS/2 just around the corner. 

Is this book for you? Look at your shelf of software and man- 
uals. Do you have a version of an 8086 assembler there? [f so, 
you may be able to use thís book. Doubly so if that assembler is 
dusty. I bet the examples and lucid explanations here will cata- 
lyze you to use both the book and your assembler to overcome 
your previous frustrations with the quirks and mores of the 
world’s most popular operating system. 


Bill Bourn is moderator of the ms.dos conference on BIX and 
president of the Central Connecticut PC User's Group. You can 
reach him at P.O. Box 964, Glastonbury, CT 06033, or on BIX 
as "billbourn. " 


IBM PERSONAL SYSTEM/2 

AND PERSONAL COMPUTER BIOS INTERFACE 
TECHNICAL REFERENCE 

Reviewed by Ben Myers 


IBM Corp., Racine, Wi: 1987, Publication 68X2260, Form 
S68X-2260, 214 pages, $75 


F or some time now, when ['ve had to refer to some detail 
about an IBM PC BIOS, I've found myself looking at sev- 
eral sources, none of them complete. Peter Norton's Program- 
mer's Guide to the IBM PC has become somewhat dated by the 
author's original vision to produce a work that emphasized the 
[BM PC and PC XT, then predominant. Norton's book contains 
sketchy information about the EGA specification and few spe- 
cifics about the AT BIOS. Until the PS/2 computers came 
along, Ray Duncan's Advanced MS-DOS was a well-organized 
reference for some BIOS calls, but it curiously omitted most of 
the information about disk BIOS services, and it included noth- 
ing about the system services (interrupt 15H) on the AT, Fi- 
nally, descriptions of BIOS calling sequences are embedded 
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If a telephone line goes to wherever your remote 
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modems, no modifications are required at the 
mainframe end. 
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the tool 
that created 
CopyWrite 


Now you can debug your own programs 


with a professional quality debugger - 
the one that unraveled every form of 
copy-protection used on the PC. 
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destruction, 
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D See all stages of the boot load. 
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within the assembly listings contained in the older PC and AT 
technical references published by IBM. All in all, this is a very 
haphazard collection of reference materials, but it was the best 
available until recently. 

The {BM Personal System/2 and Personal Computer BIOS 
interface Technical Reference gives the software developer a 
complete set of materials that describe how the various versions 
of the IBM PC BIOS work. IBM has not published assembly 
listings of the PS/2 BIOS: this reference documents the exter- 
nally visible features of the BIOS as a programmer doing clean 
BIOS-leve] programming would see and use them. 

The book covers the original IBM PC, PC XT, PC AT. PCjr, 
PC Convertible, and all announced models in the PS/2 product 
line. At $75. the BIOS interface Technical Reference seems 
pricey at first, but no other single document today can match it 
for completeness in treating its subject. It comes with a hard 
three-ring slipcase binder, like most other IBM reference publi- 
cations. The typeface is a small but very readable Helvetica, so 
a lot of information is crammed into its 214 pages. There are few 
typographical errors. 

The meat of the book is the section that has detailed descrip- 
tions of all calls to BIOS services. 1f different models of the PC 
do not respond identically, the book lists exact differences by 
PC model and relevant BIOS date. For example, the printer 
BIOS (17H) section has six notes describing the actions taken by 
various models of PCs. The pages covering video BIOS (10H) 
describe the three VGA modes, as well as the other video 
modes. The system services intetrupt 15H receives extensive 
treatment, including the multitasking services that are used by 
other parts of BIOS on the PC AT, PC XT Model 286, and 
P3/2. If unother interrupt uses system services to relinquish 
control while waiting for completion of an external event, this 
information i$ also noted. The BIOS services are arranged in 
order by interrupt number, then by major function designation 
passed in the AH register value within interrupt, so everything 
Is quite easy to find. For the money, it would have been nice if 
IBM had thrown in half a dozen blank thumb-index tabs, beyond 
the two labeled “BIOS” and “Supplement.” Then, I could have 
set up tabs to get quickly to the sections ] use most often. 

In the section on data areas and ROM tables, the BIOS data 
area, extended BIOS data area, and disk drive parameter tables 
are laid out, byte by byte and bit by bit. The last section of the 
book, entitled "Additional Information," describes interrupt 
sharing, adapter ROM, video function compatibility, multitask- 
ing provisions, system identification, application guidelines. 
and scan code/character code combinations. 1 found the infor- 
mation on video function campatibility particularly useful, be- 
cause it told me, step by step, how to test which video functions 
are present. Using the procedure described, I can determine 
which video adapter— VGA. EGA, MCGA, CGA, or MDA—is 
present. The text also describes video mode-switching proce- 
dures. There is a vacant section for future supplements to be 
issued. The book has a standard glossary and index at the end. 

If you are an experienced software developer designing soft- 
ware that must interface with any version of BIOS, the /BM FS/2 
and PC BIOS Interface Technical Reference is one of a kind and 
indispensable. It is not for the novice PC programmer, however, 
because it is almost entirely bereft of examples. In the personal 
computer industry, where it is fashionable to take potshats ai 
IBM, the company Js often overlooked as a source for complete, 
well-organized materials describing its products and. by logical 
extension, compatible products. 


Ben Myers has more than 25 years of varied experience in the 
computer industry. He can be reached at 73 Westcott Rd., Har- 
vard, MA 0145]. 
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95% of the Top 
Solve 


Numeric Problems with APL 
... Shouldnt You? 


In businesses where, 
complex numeric problems 
are a daily challenge, 
professionals from all 
walks of life rely on the 
APL* PLUS® System. 


The APL* PLUS 
System 


g 
p 
ey 


wide range of machines and 
operating environments. 


Why not give yourself the 
analytical edge. for only 
$695* Call 800-592-0050 and 


Thousands of professionals in a 
wide range of fields — invest- 


( U.S. Companies — | 
heir Complex | 


A PL is indispensable in devel 
oping mathematical models for 
pricing financial securities such 
as options, futures, and bonds. 
Complex mathematical algu- 
rithins are programmed quickly 
and concisely, And, empirical 
research is facilitated by APL 
unmatched capabilities in 
manipulating and analyzing 
arrays of data, 


Mark Schroder 
Option Research Specialist 
Prudential Bache 


When you need ro consider 
three classes of service, numer. 
uus fare types, and multiple 
connections, fare pricing anal- 
ysis without APL is a Herculean 
task. APLS ability ro manipu- 
late tables of data with a single 
command enables us to explore 
a wider range of scenarios as 
fast as we can think of them. 


Mike Fisher 

Manager, Systems 
Development 

Pan American World Airways 


ment research, insurance, cor- 
porate finance. engineering, 
and science —find the 

APL PLUS System the per- 
fect software for complex prob- 
lem solving. That's because its 
natural mathematical orienta- 
tion and conciseness of code 
provide the ideal environment 
for model building, array han- 
dling. system prototyping, and 


we'll show you how to put 
the APL* PLUS System to 
work in your specific 
application. 

STSC, Ine. 

2115 East Jefferson Street 


Rockville, Maryland 20852 
800-592-0050 


301-984-5123 in Maryland or 
Canada 
Telex 898085 


matrix manipulation. And for 
your connectivity needs, the 
APL» PLUS System runs on a 


A PLUS X WARE* PRODUCT 


The APL t PLUS Sysiem is avaiable for the mainframe, 1BM PC and comparihles, 
Macintosh, und machines running UNIX snd VAX/VMS. The APL$* PLUS Sysiem may 
tec purchased through dealers and distributors worldwide 


APL PLUS and PLUSH WARE ave registered trademarks of STSC, Ine, UNIX. 
Macintosh. and 1HM are registered trademarks of AT&T Bell Laboratories. Apple 
Computer. and Interneiuinyl Business Machines Corporation. respectively 


Top companics according Lo the April 17. 1987 issue of Business Week 


461% suggested retail for DOS version [nternavenal prices slightly higher 
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Euch quarter we consolidate 
and analyze historical data, 
current data, and forecasts 
from over 800 entities within 
GE and then quickly campile it 
into a comprehensive series of 
reports. With APL we get it 
done in a third of the time it 
would take us using other 
methods. 


Eríc Baelen 

Manager, Business Systems | 
Development " 

General Electric Company 
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_Convert .DXF files 
|. «^ bto Gerber’ with 
f T SoftWest” GPI. 


"Ai 
, = 


i 


Plot anything 
you can draw 

with SoftWest OPI, 

the DXF«o-Gerber $i 
conversion program. 

It is bi- directional 

(ir also converts Gerber back 

into AutoCAD), and supports all 
popular Gerber photoplotters, inciudin 
the new laser plotters using Gerber pre 
Price in U.S.A.: $500.00. 

The Grear Soft Western Company? 
is also the creator of Auto-Board 
System9, Soft Wes» D2D, and 
Soft Wese™ PPI. 


1-800-23 1-6880 

/SofttWestern 
INFORMATION & ORDERS | " 
1-817-383-4434 Wmnpang eng. 
TECHNICAL ASSISTANCE the Original 


Aula AD ix reginteregl iraademark of Ayipdeak, Ing 


THE 3.5” CONNECTION! 


This internal 720K 3.5" disk drive is a “drop-in” replacement 
for 5.25” drives! It’s (he ideal solution for exchanging dala 
between your PC/XT/AT and the new generalion of laptops. 
Disk format is compatible with IBM, Toshiba and Zenith 
portables. The Modal 853W drive kit contains everything you 
need, inciuding interface adapters, premium SONY drive, and 
complete documentation. Uses your exisling disk controller 
(no additional siots required). Requires DOS 3.2 tor maximum 
performance. Ask about our Model 873W (1.44MB). 


lineriranics 


INCORPORA TED 


$159.95 
+FRT. & TAX 


$$ SAVE 5$ 
SONY DISKS 


e» 400 Daily Lane 
PO. Box 5210 VISA 
Grants Pass, OR 97527 = 


WENDY IMMEDIATE DELIVERY! 
we Call 503-474-6700 or 503-474-6701 


60 BYTE* MARCH 1988 Circle 264 on Reader Service Cari 


BOOK REVIEWS 


MEMORY RESIDENT PROGRAMMING 
ON THE IBM PC 
Reviewed by Ben Myers 


Addison-Wesley, Reading, MA: 1987, ISBN 0-201-18595-2, 
413 pages, $24.95 


he subtitle of Memory Resident Programming on the IBM 

PC is "The Essential Guide to Developing Memory Resi- 
dent Programs." The introductory chapters of the book cover 
programming in general, assembly language programming for 
the Intel 8088/8086 family, and writing an 8086 assembler pro- 
gram to display the interrupt vectors. Author Thomas Wadlow 
then defines a basic TSR program skeleton and provides several 
sample TSRs by way of explaining TSR writing. These include a 
keystroke expander, a clock, an instruction pointer (CS:IP) 
display, and TSR programs that display communications port 
values, set communications port parameters, list a directory, 
and browse through a file. The last four programs serve only as 
examples of TSR writing. Normal DOS programs would accom- 
plish the same results with less effort. 


Interrupts and Omissions 

Unfortunately, Wadlow's book omits information that is neces- 
sary to write many important kinds of TSR programs. For ex- 
ample, if you have to reud or write files while other programs 
are running, you need to know what to do to the current active 
PSP (program segment prefix) via DOS functions 50h und 51h. 
The interrupt multiplexer vector, interrupt 28h, is used to syn- 
chronize DOS operations among TSRs and other programs. In- 
terrupt 22h (program termination), interrupt 23h (Control-C/ 
Control-Break handler), and interrupt 24h (critical error han- 
dler) are essential to any well-written application, and doubly so 
for a TSR program. DOS treats functions Oih through OCh 
differently from the other function calls. None of these are ex- 
plained in the book. 

Similarly, if you write a TSR program that pops up on the 
screen, you need to be able to save and restore the screen area in 
which thé pop-up occurs. That information is missing, as is any 
explanation of how a TSR program de-installs itself. 

The concluding chapter, “The Roads Not Taken," is an often 
misleading explanation of TSR design trade-offs. Fully one- 
third of the book contains appendixes intended as reference ma- 
terial, though these, too, have some omissions. The first appen- 
dix, "IBM ROM BIOS Services," explains the BIOS calls for 
the IBM PC XT but excludes the ones for the IBM AT, EGA, 
VGA, MCGA, and PS/2. (Granted, omission of the last three is 
understandable, since they are fairly recent developments.) A 
"Hardware Interrupts” appendix covers only interrupts through 
O1 Fh, and it includes some interrupts that are not for hardware, 
like the disk parameter table and high-order graphics table 
pointers. “IBM DOS Services" describes only the DOS func- 
tions for DOS 2.x, neglecting the DOS 3. x functions entirely. 
The final appendix, "Useful Books." gives a (very short) list of 
references used by the author in writing the book. These appen- 
dixes also have quite a few typos. 


Useful, But Not Essential 

The assembly language examples in Memory Resident Program- 
ming on the IBM PC are clear, and the accompanying explana- 
tions of programs are lucid and wel] written. If you want to get 
your feet wet writing simple TSRs, this book is an introduction 
to the subject, but you can find more complete examples of robust 
TSR programs elsewhere. The book does not meet its stated abjec- 
tive of being essential. You can write the bulletproof TSR pro- 
grams that today's IBM PC marketplace demands without it, @ 


The new family of Olympia printers with 
a prestigious technological heritage. 


Olympia is first in making lasting 
impressions for a good reason. 
For over 80 years we've been a 
leading innovator in typing tech- 
nology for the office. Now every- 
thing has changed. And nothing 
has changed. Our technology 

i8 as new as the dew. Our com- 
mitment to reliability, efficiency 


and service is as solid as ever. offers the latest in desktop print- 
The Olympia dot matrix printers ing technology. 

produce clean, crisp printing at In short, whatever you need 

speeds trom 130 CPS to 240 CPS we've got. So don't go shopping 

for a wide range of applications. . without the big new name in 

And our daisy wheels are unsur- printers on your list. 

passed in printing quality. Olympia. We'll make a good 
Our new Laserstar 6 is com- impression on you. 

pact, versatile, compatible and Then for you. 


OLYMPIA 6) 


The Competition  .. 


Advanced Fngineenng irom Germany A 


[JS SR m D M uu" Ql 1 OM. D. D 1 D I. DM M — 2 o M a JB ue lle ÉD ee ae DD D. 


Mr Mrs Ms (Please Prini) 
Name First 
Company 

City 

Printer makers] used now 


i 
i 
| 
| 
| 
I 
| 
| 
| 
| 
I 
t 
| 
| 
I 
| 
| 
L. 


909 
Circle [89 on Reader Service Card 


' Get acquainted with our family. And a gm for you: 
The fabulous Fisher 


See ail the Olympia models in aur brochure "Printers rinters on earih. Cail 1-800-999-6872 or send k 
That Make Quality Impressions." Along with our bro- his coupon to: (USA) Olympia, P.O. Box 22, Dept Adv, "7 
chure we'litell you how to get a Fisher Space Pen— Somerville. N.J. 08876 (or Canada) Olympia, 58 Prince ` 
freet The pen ihat went io the moon—from Ihe finest — Andrew Place, Don Mills, Ontano, Canada M3C 3/2 | 
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pace Pen! 


( j 


Trtle Phone $ 

+ 
Address * 
Siale Zp 


itp) Ch MAP LA 


MARCH!988 - BY TE él 


Twice the resolution of EGA 
on your Multisync. 
NEW 


FROM THE 
MANUFACTURER 


OF THE 
EGA WONDER 


| " = 320x200 CGA 
Te 720x350 MDA 

» 720x350 Herc. 
m 132 Columns 


VPC Portable 
ampaq Portable (2) | 
folaroid Palette E. * WordPerfect 
| | e WordStar & more 


Now available from all major computer stores 3701 Vicor Pack Ae 
| " . ictoria Park Ave 
Call us Today at (416) 756-0711 for more information Scarborough. Ontario, Canada 
MIW 3S2 
Tel (416) 756-0711 
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rera AT EGA WONDER — AMAT Beoheologies ne B IGM. VGA, EGA, CGA — intemational Business Machines Corp. Fax (416) 756-0720 | TECHNOLOGIES INC. 


ventura — Xerox Corp., PageMasat — Aldus Corp.. Sma Term — Persofi inc, Viem — Coetliciem Systems Corp, 
Compaq — Compaq Computer Carp., Multiaync — NEC Home Electronics Corp. Windows — Micrasott Inc, GEM — Digital Research Inc . 
1-2-3, Symphony — Lotus Develapment Com. AutoCAD — Autodesk inc. WordPartsct = WordPerted inc. WordSlar — MacraPro Inc , Potarad — Polamid Corp. 
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GA IMPROVED vmi 


A gne jer Cand 


THE 
IMPROVED 
VGA 


Extending across barriers of 
graphics incompatabilities, AT! 
introduces a VGA improved 
performance card — VIP. 

VIP delivers the IBM PS/2 VGA 

standard to IBM PC/XT/AT and 

Model/30 users, providing an 

upgrade path to the 

outstanding world of VGA 
graphics. 

Totally compatible with the ATI 

EGA WONDER, users have the 

unique ability to display EGA, 

Color / Graphics and Hercules 

software on monochrome, RGB 

and EGA monitors. 

* Compatible to IBM Video 
Graphics Array (VGA). All 17 
modes. 

* Runs EGA/CGA/Hercules & 
132 column software on IBM 
PS/2 Analog', Multisync, 
EGA, RGB, TTL monochrome, 
PC Portable, Compaq 
Portable? monitors. 

* Softsense automatic mode 
switching. 

* Automatic analog monitor 
detection. 

* High resolution 800 x 560 
graphics for Multisync 
monitors with drivers 
supplied for Windows, Gem, 
Ventura, Autocad. 


Call today at (416) 756-07 TET 

more information. 

' 332 Colums not available on [BM PS / 2 Analog 
Monitors 

* Compaq via optional Compaq Expansion Module 

Trademarks; IM, PS/Z. nm. REIHE 

ARRAY, VGA., EGA. COA, MOA - rmationa! 
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TECHNOLOGIES INC... 
Technology you can Trust. 
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in Numbers 


Hrs The attribute that has made Silicon Valley Computer the 
world's leading manufacturer of ruggedized IBM™ compatible equip- 
ment Reliability proven by the successful installation of thousands of 
disk and tape systems monthly. Superior engineering and meliculous care in 


manufacturing and testing have been the foundation of this reliability since 1982. 


We offer a full selection of ruggedized hard-disk cards and high-quality 
commercial-grade disk-drive kits ranging in capacity from 2| to 512 mega- 
bytes. Also available are tape subsystems. 8- and 16-bit SCSI/ESDI/MFM/RLL 
disk controllers, Token Ring Ethernet controllers (Novell compatible), 3.5- 
inch floppies, 360 KB, 720 KB, 1200 KB, and 1440 KB floppies. 

Tens of thousands of units are currently being used by the U.S. Navy, 
NASA, Pentagon R&D, major banking institutions, and numerous small busi- 
nesses. All products meet or exceed stringent performance crileria, SVC 
established these standards lo satisfy the needs of our growing list of sophis- 
licated customers. 


Compatibility. 
Silicon Valley Computer drives have been interfaced with most IBM PC, XT, 
XT386, ATs and compatibles. Over 50 clones have been tested as 1005. 
compatible with our drives using IBM PC-DOS 3.1/3.2/3.3. 

We are also the first company in the industry to supply hard disk add- 
on units for the new IBM Personal System 2 Model 30, Model 60, and Model 
80 machines. 


Service. 

Quality customer service is as important to us as the quality of our product 
Ninety percent of all orders are shipped within 24 hours of receipt Each order 
is accompanied by complete documentation, software, cables and mounting 
hardware. All products are available with our industry-leading two-year swap- 
out warranty. When you want the best produci, service and reliability, at very 
competilive prices, call Silicon Valley Computer. 


SILICON VALLEY 
COMPUTER 


140 Archer Street, San Jose, California 95112 € 408 288-8837 
TELEX 821299 SILICON VLY € FAX 408-947-1353 
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2 


year warranty 


100+ 


Gshock rating 


30,000- 


hours, MTBF 


The Gold Card (hard-disk-card) 


Silicon Valley Computer has the widest selection available. 


| RUGGEDIZED 
21R MB 80G shock + 65 ms w/auto head lifters « 30,000 hr MTBF (MFM) 

322R 80G shock € 65 ms w/auto head lifters « 30,000 hr MTBF (RLL) 

40R 1006 shock * 29 ms w/auto head lifters * 30,000 hr MTBF (SCS) 

1000 shock * 26 ms/hd lifters + 100% AT compatible * 30,000 hr MTBF 


SILENT RUNNING 
ZL MB 65 ms © Oxide media * 5,000,000 BPS © 10 W, 30,000 hr MTBF (MFM) 
ral 65 ms * Plated media * 30 dB © 5,000,000 BPS * 25,000 hr MTBF (MFM | 
J2F 85 ms © Plated media * 30 dB * 7,500,000 BPS © 25.000 hr MTBF (RLL) 
JF 62 ms * Plated media * 30 dB © 7,500,000 BPS © 25.000 hr MTBF ( RLL 


211 MB 65 ms * Oxide media e 5/000 000 BPS € 10 W e 28.001 hr MTRF ( MFM} 
32F 65 ms © 30 dB * Plated media © 7,500,000 BPS e 20,000 hr MTBF { RLE) 
40R 29 ms © Plated media * 8,000,000 BPS © 10 W è 30,000 hr MTBF (SCSI) 
40 26 ms * World's fastesi 40 MB drive * 30,000 tr MTBF (MFM) 

SOF 62 ms © 30 dB © Plated media © 7,500,000 BPS © 20,000 hr MTBF (RLL) 


Hard-Disk PC Kits (full height ) 

30 MB 40 ms © 30,000 hr MTBF © 5,000,000 BPS { MFM) 

ià 26 ms * 30,000 hr MTBF * 5,000,000 BPS (MFM) 

120 28 ms * 30,000 hr MTBF * Novell compatible (MFM ) 
150 28 ms © 30,000 hr MTBF * (0,000,000 BPS (SCSI/ESD!) 
234 28 ms e 30,000 hr MTBF = 7,500,000 BPS (SCSI) 

3l 28 ms * 30,000 hr MTBF » 10,000,000 BPS (SCSI/ESDI) 
B00 100 ms * Removable WORM © Optical/laser (SCSI) 


IBM Compatible Devices 


60 MB 
60 MB 
40 MB 


Tape systems * Internal mounting, half-height DC 600 A cartridge 
Tape systems * External mounting power cabinet included 

Tape systems * Floppy interface DC2000 cartridge 

Token Ring compatible Ethernet boards * 10 MBPS 

SCSI — Hard-disk tape controller * 8/ 16-bit switchable w/floppy 

MFM . Hard-disk controller + 8/16-bit e 2 W © 2& bulfer 

RLL — Hand-disk controller e 8/16-hil « 2 W © 2K buffer 

ESDI — Hard-disk/floppy/ MFM controller + 8/ 16-bit € 10 MBPS 


JBM js a registered trademark of international Business Machines Corp 


PRICES TOO LOW TO ADVERTISE! 


(Volume users/resellers, call 408 288-8838. ) 
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What's New — E 


Short Takes | 
SideKick Plus 

Manuscript 2.0 

Friendly Finder 

Focal Point 

PC WeatherPro 
Tech*Graph*Pad 2.1 

Reviews 

Enhanced EGA and VGA Boards 
The Zenith Z-386 

NEC PowerMate 2 

and HP Vectra ES/12 

The Tandy 1400 LT 

Macintosh II Color Monitors 
Mac SE Accelerator Boards 
Trilogy Programming Language 
Excel Extraordinaire 

Microsoft Works 

Reflex Plus for the Macintosh 


Computing at Chaos Manor 
bv Jerry Pournelle 
Applications Only 
by Ezra Shapiro 
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IT’S TIME TO DO SOME 


PROBE’s menu 
bar and puli- 
down menus set a 
new standard for 
debugger 
interfaces. 


PROBE has 
source-level 
debugging to let 
you “C” your 
program. 


1 AE 
abile Gebr (° i 


elcome to your nightmare. Your company has bet 

the farm on your product. Your demonstration 

wowed the operating committee, and beta ship- 
menis were out on time. Then wham! 

All your beta customers seemed to call on the same day. 
‘Your software is doing some really bizarre things’ they say. 
Your credibility is at stake. Your profils are at stake, Your 
sanity is at stake. 


THIS BUG’S FOR YOU 

You rack your brain, trying to figure something out. Is it a 
random memory overwrite? Or worse, an overwrite to a stack- 
based local variable? Is it sequence dependent? Or worse, 
randomly caused by interrupts? Overwritten code? Undocu- 
mented "features" in the software you're linking to? And to 
top il off, your program is too big. The software debugger, 
your program and it's symbol table can't fit into memory at 
the same time, Opening a bicycle shop suddenly isn't such a 
bad idea. 


THIS DEBUGGER'S FOR YOU 

Announcing the 386 PROBE™ Bugbuster,*from Atron. Nine 
of the top-ten software developers sleep better at night 
because of Atron hardware-assisted debuggers. Because they 
can set real-time breakpoints which instantly detect memory 
reads and swriles, 

Now, with the 386 PROBE, you have the capability to set a 
qualified breakpoint, so the breakpoint triggers only if the 
events are coming from the wrong procedures, So you don't 
have to be halted by breakpoints from legitimate areas. You 
can even detect obscure, sequence-dependent problems by 
stopping a breakpoint only after a specific chain of events has 
occurred in a specific order. 


SERIOUS 386 BUGBUSTING! 


POP regisiers up 
and down with a 
single kay. 


| - This is an 
out-of-range 
memory-overwrite 
bug. Since it is 
interrupt related, 
it only appears in 
real time. 


Then, so you can look at the cause of the problem, the 386 
PROBE automatically stores the last 2K cycles of program 
execution. Although other debuggers may try to do the same 
thing, Atron is the only company in the world to dequeue the 
pipelined trace data so you can easily understand it. 

Finally, 386 PROBE's megabyte of hidden, write-protected 
memory stores your symbol table and debugger. 50 your bug 
can't roach the debugger. And so you have room enough to 
debug a really big program. 


COULD A GOOD NIGHT'S SLEEP 
PUT YOU IN THE TOP TEN? 
Look at it this way. Nine of the top-ten software products in 
any given category were created by Atron customers. Maybe 
their edge is — a good night's sleep. 

Call and get your free, 56-page bugbusting bible today. 
And if you're in the middle | of a nightmare right now, 
» give usa purchase order 
number. We'll FEDEX 
you a sweet dream. 


UE ag.  BUGBUSTERS 


A division of Northwest Instrument Systems, Inc. 
Saratoga Office Center € 12950 Saratoga Avenue 
Saratoga, CA 95070 € Call 408/253- today. 


A 


"Meraons for COMPAQ, PS/2-80h and compatibles Copsrighi © 1987 by Amm. 386 PROBE ix a trademark of Amm Call d4-2-855-83 in the UK and 494-985-8020 in Wes Germany TRBA 
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WHAT’S NEW 


A Loaded 
68020 System 


D esigned and built in En- 
gland, the Omega is a 
full-featured 68020-based 
workstation that includes a 
6888] math coprocessor and 
] megabyte of zero-wait-state 
nonvolatile static RAM. Also 
included is the OS9/68K real- 
lime, multitasking operating 
system from Microware Sys- 
tems. 

With a processor running 
at 12.5 MHz, other standard 
features of the Omega include 
a fully buffered 16-bit data bus 
with 24 address lines, a 25.5- 
megabyte hard disk drive, a 
1.2-megabyte floppy disk 
drive, four RS-232C serial 
ports, a parallel printer port, 
a bidirectional high-speed 16- 
bil parallel interface, and an 
RS-485 network node. 

Hardware options for the 
Omega include higher clock 
speeds of 16.67, 20, or 25 
MHz. There’s also a 640- by 
480-pixel by 16-color display 
controller, a 1- or 4-megabyte 
memory-expansion board, an 
intelligent network node con- 
troller, a prototyping board, 
at EPROM programmer, a 
100-megabyte hard disk 
drive, and a tape backup unit. 
On the software side, there's 
a variety of language com- 
pilers, an applications gener- 
ator, a cross assembler and de- 
buggers, and several business 
applications. 

Price: 12.5-MH2 version, 
$4750; 16.67-MHz version, 
$4950; 20-MHz version, 
$5495; 25-MHz version, 
$6895. 

Contact: Lloyd I/O Inc., 
Omega Sales Dept., 19535 
Northeast Glisan St., P.O. 
Box 30945, Portland, OR 
97230, (800) 227-3719. 


Inquiry 754. 


The Omega is a feature-packed system from England. 


NEC's Desktop- 16-inch CRT with 100-dot- 
Publishing System per-inch dot density, an aspect 
ratio of 1 to 1, and a flicker- 
f you have an urge to gel free display. The monitor mea- 
into desktop publishing but sures 14 by 14 by 17 inches 
feel constrained by your cur- and includes a tilt-and-swivel 
rent display and controller, you base. 
can add NEC's MonoGraph The video-controiler board 
System to your IBM PC or requires à full-length 8-bit slot 
compatible and be ready to and features an Intel 82786 


roll. A complete full-page 
display system, the Mono- 
graph System has a square- 
screen monitor; a controller 
board for the monitor's 1024- 


graphics processor running at 
10 MHz. It has a CGA emu- 
lator that displays CGA-com- 
patible software in double- 
scan mode, with twice the 


by 1024-pixel maximum res- standard resolution and dou- 

olution; a cable to connect the ble the pixels per dot. 

two; and driver, font, and On the software side, the 

diagnostic software. MonoGraph System comes 
The system's square- with I5 fonts for both Aldus 

screen analog monitor has a PageMaker and Ventura Pub- 


SEND US YOUR NEW PRODUCT RELEASE 

We'd like to consider your product for publication. Send us full in- 
formation, including its price, ship date, and an address and tele- 
phone number where readers can get further information. Send to 
New Products Editor, BYTE, One Phoenix Mill Lane, Peter- 
borough, NH 03458. Information contained in these items ts based 
on manufacturers " written statements and/or telephone interviews 
with BYTE reporters. BYTE has not formaily reviewed each prod- 
uct mentioned. 


lisher. Software drivers for 
Microsoft Windows and Yen- 
tura Publisher are also in- 
cluded, as is a Full set of 
diagnostics. 

Price: $1999, 

Contact: NEC Home Elec- 
tronics (U.S. À.) Inc., 1255 
Michael Dr., Wood Dale, IL 
60191, (312) 860-9500. 
Inquiry 755. 


Upgrade Your Zenith 


new upgrade kit from 
Zenith Data Systems 
(ZDS) lets you upgrade any 
Zenith Z-248 PC- or AT-com- 
patible system to a 16-MHz, 
zero- wait-state, 80386-based 
computer with a 32-bit bus. 
The ZDS SuperSet up- 
grade kit contains three 32-bit 
system boards (I/O, | mega- 
byte of RAM, and the 80386 
CPU board). ZDS claims it 
takes less than 30 minutes to 
install and that it works with 
any 2-248 system. including 
those supplied to the U.S. 
Department of Defense. 
After you install the Super- 
Set upgrade, your system will 
become a Z.-386 with five 
open bus slots, 1 megabyte of 
RAM (expandable to 16 
megnbytes), serial and parallel 
ports, and sockets for both 
80287 and 80387 coproces- 
sors. The Z-386 will support 
dual hard disk drives, dual 
floppy disk drives, and a tape 
backup unit. 
Price: $2699. 
Contact: Zenith Data Sys- 
tems, 1000 Milwaukee Ave., 
Glenview, IL 60025, (800) 
842-9000, ext. I. 
Inquiry 756. 
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WHAT'S NEW 


Laser-Quality Printing 
for Under $1000 


sing drop-on-demand 

thermal ink-jet printing 
technology, Hewlett-Packard 
claims its new HP DeskJet 
printer gives laser-printer- 
quality output at a significantly 
lower price. The DeskJet 
prints high-resolution text in 
multiple fonts and full-page 
graphics, all at 300 by 300 dots 
per inch. There's also a draft 
mode that prints at a resolution 
of 300 by 150 dpi. It prints 
standard letter-quality text at 
120 characters per second, 
and draft quality at 240 cps. 

The DeskJet has an auto- 
matic cut-sheet feeder that 
holds up to 100 sheets and 
has Courier, Courier Bold, and 
Courier Compressed fonts 
built in. There are two acces- 
sory-cartridge ports that let 
you add additional fonts, ex- 
pand the memory (up to 256K 
bytes), and provide Epson FX- 
80 printer emulation. 

Because the DeskJet uses 
HP's own PCL printer lan- 
guage, it’s compatible with 
most software packages that 
support the HP LaserJet 
printer. The unit comes with 
both parallel ports and a 16K- 
byte printer buffer, It measures 
17.3 by 8 by 14.8 inches and 
weighs 14.3 pounds. 

Price: $995. 

Contact: Inquiries Manager, 
Hewlett-Packard, 1820 Embar- 
cadero Rd., Palo Alto, CA 
94303, or call the Hewlett- 
Packard Company sales of- 
fice listed in your telephone 
directory's white pages. 
Inquiry 757. 


R IPHER A LS 


DSTÉCRIPT-COMPATIBLE LASER PRINTER 


 €cording to QMS, its 
&OMS-PS 810 laser 
printer is the first Canon 
i ty | S ri 


An Ocular Mouse for 
the New Macs 


f your new Mac's standard 

mechanical mouse is wear- 
ing out or wearing you out, 
MSC Technologies (formerly 
Mouse Systems) is offering 
an alternative. The A+ Mouse 
ADB optical mouse is fully 
compatible with the Macintosh 
II and Macintosh SE, as well 
as the Apple IGS. 

The mouse's LED reflects 
off a special grid pad and is 
read hy an optical sensor. It 
then converts the grid-line 
count to movement on your 
screen. 

According to the company, 
an optical mouse avoids the 
problems of slippage, wear, 
and dirt that can eventually 
cause problems with mechan- 
ical mice. At the same time it 
introduced the new mouse, 
MSC also dropped the price of 
its optical mouse for other 
models of the Apple from $119 
to $99. All models come with 
a lifetime warranty. 

Price: $129. 
Contact: MSC Technologies 


The Hewlett-Packard DeskJet prints laser quality for less. 


a 68000 iu running 
at 16 MHz. The controller 
supports the 35 standard 
Adobe PostScript typefaces 
and also emulates the HP 
LaserJet Plus, HP 7475A 
plotter, and the Diablo 630. 
The QMS-PS 810 outputs 
final copy at 8 pages 
minute with 300- by ? i 
resolution. It has a duis 


cycle of 5000 copies per 


Inc., 2600 San Tomas Express- 
way, Santa Clara, CA 95051, 
(408) 988-0211. 

Inquiry 802. 


À Duo of Drives 
for the PS/2 


he comparatively high 

price and lack of availabil- 
ity of 5!4-inch drives for the 
IBM PS/2 has encouraged 
manufacturers other than Big 
Blue to enter the fray, Here are 
Iwo. 

The PRS-2 from Pacific 
Rim Systems is a 54-inch 
floppy disk drive that at- 
taches directly to the drive B 
connector on the IBM PS/2 
Models 30, 50, 60, and 80. It 
weighs a mere 3'À pounds 
and consumes just 4 watts of 
power without having to use 
any external AC connections. 
The company claims you can 
install the PRS-2 in about 5 
minutes, and says the unil's 
rated time before failure is 
11,000 hours. 

Price: $300. 

Contact: Pacific Rim Sys- 
tems Inc., 2570 Barrington 
Court, Hayward, CA 94545, 
(415) 782-1013. 

Inquiry 759, 


M eanwhile, the XD-360 
is SMT's version of the 
$ -inch external drive for 
the entire [BM PS/2 family. 
The company says the unit's 
fooiprint is half the size of the 


month and a toner cartridge 
life of 4000 copies. There 
are two output trays: ane for 
face-up copies; one for face- 
down. RS-232C, RS-422/ 
AppleTalk, and parallel in- 
Price: $5495, 

Contact: QMS Inc., One 
Magnum Pass, Mobile, AL 
36618. (205) 633-4300. 
Inquiry 762. 


IBM drive. To install the XD- 
360, you insert the unit's cable 
into your PS/2's drive B con- 
nector. You then route the 
cable internally to the rear 
panel and insert it into an avail- 
able slot. 
Price: $325. 
Contact: Systems Manufac- 
turing Technology Inc., 1145 
Linda Vista Dr., San Marcos, 
CA 92069, (619) 744-3590. 
Inquiry 760. 

1 


Micro Channel Modem 


f you own an IBM PS/2 

Model 50, 60, or 80, you 
can now telecommunicate al 
2400 bps with an internal 
modem for the Micro Chan- 
nel bus. The Ven-Tel 24/2 in- 
ternal modem comes with à 
configuration file that automat- 
ically sets it up for PS/2 oper- 
ation. You don't need to set any 
option swilches, and il sup- 
ports communications ports | 
through 8. 

Ven-Tel says the 24/2 is 
fully compatible with the AT 
command set and includes 
automatic fallback to 1206 or 
300 bps, as well as extensive 
self-test capabilities. [t has à 
jack for an external tele- 
phone, is covered by a 5-year 
warranty, and is available 
with Crosstalk XVI software. 
Price: $549. 

Contact: Ven-Tel Inc., 2121 
Zanker Rd., San Jose, CA 
95131-2177, (800) 538-5121; 
in California, (408) 436-7400. 
Inquiry 761. 
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For problems involving engineering calculations or scientific analysis, 


the answer is MathCAD? 


Transporting an iceberg to Southern You decide how to solve the problem - 
California is a formidable task. Calcula- MathCAD does the “grunt work.” 

ing the variables is just as demanding. — à Ends programming and debugging. 
How many tugboats would be needed 4 Recaiculates as variables change. 

to tow the ice mass? At what cost? How o Generates quick plots. 


much fresh water would be lost? Easy to learn and use, MathCAD 
Innovative solutions require extra- operates interactively in standard math 
ordinary tools. For problems involving —— notation. And its built-in functions pro- 
calculations or what-if analysis, the vide all the power you need to solve 
answer is MathCAD. real-world problems. MathCAD handles 


MathCAD is the only PC-based soft- matrix operations, solves simultaneous 
ware package specifically designed to equations, works with real and complex 
give technical professionals the freedom numbers, does automatic unit conver- 
to follow their own scientific intuition. sion, displays Greek characters and 


Requires (BM: PC o compatible 


other math symbols, performs FFTs 
and much more. 

There's never been a better way to 
get fast, accurate solutions to analytical 
problems. That's why 20,000 engineers 
and researchers are using Math AD 
daily in applications as diverse as fluid 
mechanics, signal processing and 
molecular modeling. 

To find out what MathCAD can do for 
you, Call us today for a free demo disk: 
1-800-MathCAD (in MA, 617-577-1017). 
Or write to MathSoft, Inc., One Kendall 
Square, Cambridge, MA 02139. 


Math Soft 


f 
MA Tools lor Calculating Minds 


MANY GLASSES 


OF WATER 


IBM® Inlernabonal Business Mechines Gorporanon MathcAL9 MathSolt, Inc. ©Copynght MaihSan, Inc 1988. 


CAN THIS 


ICEBERG SUPPLY 


TOL.A.? 
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WHAT'S NEW 


PERIPHERALS 


Numerikeys gives your portable computer a numeric keypad. 


Numbers 
for Your Portable 


P ortable or desktop com- 
puters without dedicated 


numeric keypads can be a 
real pain if you necd to enter 
large amounts of numeric 
data into your programs. Nu- 
merikeys, an auxiliary nu- 
meric keypad from Genest 
Technologies, solves the 
problem by connecting be- 
tween your computer's paral- 
Jel printer port and printer 
cable, 

Numerikeys has all the 
keys you need for most spread- 
sheet applications, including 
separate numeric, cursor-con- 
trol, symbol, and function 
keys. The unit doesn’t interfere 
with your parallel port, and it 
works full-time, even while 
your computer is printing. 
Price: $129. 
Contact: Genest Technol- 
ogies Inc., 1331 East Edinger 
Ave., Santa Ana, CA 92705, 
(800) 826-9641; in California, 
(714) 547-0880. 
Inquiry 763. 


Touch Your Keyboard 


oneywell's new TCE434 

Series Touch Panel Key- 
board is a flat-panel unit 
that's sealed so it's completely 
protected in environments 
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where dust, grime, moisture, 
or liquid spills could create 
problems. 

The 84-key keyboard uses 
membrane switches with metal 
snap disks and an embossed 
touch surface for tactile feed- 
back. It’s compatible with the 
IBM PC, AT, and compatibles, 
and automatically selects the 
correct interface, 

The TCE434 includes its 
own dedicated 8-bit processor, 
ROM, RAM, FO lines, 
limer/event counter, and clec- 
tronic shift. To keep the 
throughput moving, the elec- 
ironics include a 16-character 
FIFO buffer. 

Price: $275. 

Contact: Honeywell Inc., 
Keyboard Division, 4171 
North Mesa St., Building D, 
El Paso, TX 79902, (915) 
543-5503. 

Inquiry 764. 


Run PC Bus Card with 
the Micro Channel 


product called the 

TransFormer 2 is a con- 
verter board that lets you con- 
nect PC bus add-in cards into 
IBM's Micro Channel bus in 
PS/2 Models 50, 60, and 80. 
The board plugs into your 
PS/2, and you connect it via 
cable to your PC expansion 
bus. 

The TransFormer 2 pack- 

age includes the TransFormer 
board, a cable, and the ADC 


XI Card, a PC expansion inter- 


face board. You can also use 
the unit with Advanced Digital 
Communication's current bus 
expansion box. The company 
says you can also use it with 
all ADC Personal Network 
software, including Novell 
NetWare, and that it wili be 
compatible with OS/2. 

Price: $695. 

Contact: Advanced Digital 
Corp., 5432 Production Dr., 
Huntington Beach, CA 
92649, (714) 891-4004. 
Inquiry 765, 


Shades of Gra 
For Your Mac | 


f you're using your Macin- 

tosh II for desktop publish- 
ing or other applications that 
require photo-realistic black- 
and-white images, the Viking 
Analog gray-scale mono- 
chrome monitor from Moni- 
term may be your ticket. 

The 19-inch monitor uses 
square pixels that let it pre- 
cisely match screen and laser- 


printed output at a screen reso- 


ECONOMICAL PORTABLE MODEM 


iny transportable 
modems have recently 
become popular, but with an 
often considerable price dif- 
ference over conventional 


modems. Now Delta Gold 
Computer Corp. has, at this 
writing, the lowest-cost full- 
featured portable modem. 
The DM-1200 is a 300-/ 
1200-bps Haycs-compatible 


modem that measures 2*/, 
by | by 3'/, inches—about 
the size of a pack of ciga- 
rettes—and weighs just eight 
ounces, The modem has 28 
characters of nonvolatile 
configurable memory, re- 
moie ring, tone sensing. 
busy- and dial-tone monitor- 
ing, and a low-battery light. 
You can power the DM- 


lution of 72 dpi. It comes 
with a controller that plugs into 
the Mac [I's NuBus slot. A 
PC-compatible controller is 
also available. 

Price: 52695. 

Contact: Moniterm Corp., 
5740 Green Circle Dr., 
Minnetonka, MN 55343, 
(612) 935-4151. 

Inquiry 766. 


A Hard Drive 
for the Amiga 500 


upra Corp., which has 
been making hard disk 
systems for Amigas since 
their introduction, now has a 
version of its SupraDrive 
hard disk system for the newest 
Amiga—the 500. 

The SupraDrives are avail- 
able in capacities of 20, 30, 60, 
and 250 megabytes, and are 
ready to be plugged in and used 
immediately. The drives plug 
into the Amiga 500's expansion 
connector and use Supra's 
own proprietary interface for 
high-speed data transfer. The 
data channel is capable of burst 
data transfers of over 250K 
bytes per second. 

Each SupraDrive has an 
SCSI expansion port, and you 
can add plug-in RAM mod- 
ules with either l- or 2-mega- 
byte capacities. Both the hard 
disk drives and any expansion 
RAM are powered by Supra- 
Drive's internal power supply. 
Price: $995 to $3995. 
Contact: Supra Corp., 1133 
Commercial Way, Albany, OR 
97321, (503) 967-9075. 
Inquiry 767. 


continued 


1200 off a 9-volt battery, an 
automobile lighter adapter, 
or standard AC power. 
Price: 599. 

Contact: Delta Gold Com- 
puter Corp., 260 Forbes 
Bivd., P.O, Box 809, Mans- 
field, MA 02048, (ROO) 
255-3358; in Massachu- 
setts, (617) 339-5575. 
Inquiry 768. 


yew! Introducing Turbo C 1.5— 
the best optimizing compiler 


The professional 
optimizing compiler 
for less than $100 
Turbo C* is a techni- 
cally superior produc- 
tion-quality compiler. 
( Borland's equation sol- 
ver, Eureka", is written in 
Turbo C.) And our Turbo 
C 1.5 offers a new library 
of the highest presenta- 
tion-quality graphics in 
the industry —the kind 
you'll see in Quattro,” 
our new professional 


sets even better! 


Actua! photograph al Turbe C graphics displayed on IBM B514 screen” 


spreadsheet. . 
And spectacular graph- ° Text/ video functions. « Sample graphics 
ics are just part of the InGaN WATS applications 
brand-new features. * 43- and 50-line mode . More than 100 new 
support functions 


Turbo C 1.5 enhance- 
ments also include: 


* A professional-quality 
graphics library of over 
70 functions 


* À librarian that allows you 
to build your own object 
module libraries 

* Context-sensitive help for 
the language and the 
library routines 


ru 


(DEALERS: 43) 


* VGA, CGA, EGA, Hercules, 
and IBM 8514 support 


° File search utility (GREP) 


TETE 


Circle 42 on Reader Service Card 


For professional-quality G 
at an affordable price, no one 
else comes close to Turbo C. 
Because no one can deliver 
technical superiority like 
Borland. 
80-Day Money-back Guarantee ** 


For the dealer nearest 
you or to order, call 


(800) 543-7543 


ea 
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It's easy 
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upgrade to Turbo G 1.5! 


Jusi complete this coupon and mail jl wilh payment belore June 30, 1986. Oy, call us at (800) 543-7543 and ba ready lo give our operators your name, 


credit card number, and Uv serial rember on your Turbo C master disk. 


Turbo C 1.6 Upgrade Price $ 33.50 


CA and MA riens qid ces tar 
Shipping and handling 

in US $6.00 (Duisade US add $10) 
Total auri enciosed $ 
Musi incieda your Terba C serial € 
fitum Bes coupon and tha kabo C ATL source code registration kam fom your haba 
C manual along with your paymerd by March 31, 1988 and receive your Turbo C 15 
upgrade for tree! (No phone orders please.) 
Turba C 1.5 Runtime Library 

Source Coda 

CA & MA residents add caes Har 
Price includes shipping to all US cities 
(Outside US add $10} 
Tog amount soclased $ 


$ 150.00 


Please specdy dekene size OF 5'' O IW 
kemod of Payrnant [1 VISA D MC 
Cred card anaa das i 
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C ——— nx: 
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WHAT'S NEW 


ADD-INS 


Process Color Images 
in Real Time 


he DT2871 from Data 

Translation is a PC AT- 
compatible plug-in board that 
captures color images from 
standard video sources for 
image processing. In addition 
to handling real-time color 
capture and display, the 
DT2371 performs real-time 
conversions between RGB and 
hue-saturation-intensity (HSI) 
images. According to the com- 
pany, HS] representations are 
preferable to RGB because they 
allow high-speed image pro- 
cessing of color images. 

Examples of hue-saturation 
processing made possible by 
the DT2871 are color identi- 
fication, edge enhancement, 
desaturatior/saturation, col- 
primetric analysis, automatic 
coloring of monochrome 
images, object definition, lnl- 
ing, retouch, and other spe- 
cial effects. Intensity-process- 
ing capabilities include noise 
reduction, arithmetic and logic 
operations, frequency- 
domain analysis, and com- 
pression/ decompression. 

The DT2871 handles 30 
frames per second at 512- by 
512-pixel resolution with 
over 16 million displayable 
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Capture color for real-time processing with the DT2871. 


colors. You can connect it di- 
rectly to other Data Translation 
boards, such as the DT2858 
Auxiliary Frame Processor or 
DT7020 Floating Point Array 
Processor, to speed up compu- 
tation-intensive operations. 

The DT287| has 1 mega- 
byte of frame store memory — 
enough to store a single color 
image in three 256K-byte 
buffers; the fourth 256K -byte 
buffer supports overlaying of 
text and graphics on color 
Images. 

Data Translation also pro- 
vides a software library pack- 
age called Aurora for control- 


LOW-COST HI-RES 


ADcontroller is a new 

multifunction graphics 
card from GTCO that's de- 
signed especially for CAD 
applications on the IBM AT 
and compatibles. It displays 
colar graphics in resolutions 


of up to 1024 by 768 pixels. 
Although it’s at its best 
when used with wide-band- 
width high-resolution moni- 
tors, you can configure 
CADcontroller to work with 
lower-cost (lower-band- 
width) monitors at either 


ling the DT2871. The library is 
callable from Microsoft Pas- 
cal, C, and FORTRAN. 

Price: $2995; Aurora soft- 
ware, $995. 

Contact: Data Translation 
inc., 100 Locke Dr., Marlbor- 
ough, MA 01752, (617) 481- 
3700. 

Inquiry 769. 


Supercharge 
Your Printers 


he Printer Performance 

Card is an intelligent 
printer interface that fits into 
any IBM PC or compatible and 
lets up to three computers 
share up to seven printers. The 
card also has its own 256K- 
byte internal buffer (expand- 
able to 512K bytes) that can 
store and feed documents to 
printers while freeing up the 
computers. 

Equipped with its own ded- 
icated microprocessor, the 
Printer Performance Card has 
six standard parallel and two 
RS-232C serial ports. 

You can use the card ina 
network server, and it's 
shipped with memory-resi- 
dent software that lets you pick 
the printer you want to use 
from a pop-up menu. 

Price: $399. 

Contact: Dresselhaus Com- 
puter Products, 8560 Vineyard 
Ave., Suite 405, Ranche 
Cucamonga, CA 91730, (800) 
368-7737. 

Inquiry 770. 


1024- by 768-pixel inter- 
laced or 800- by 600-pixel 
noninterlaced resolutions. 
CA Dcontroller has a stan- 
dard RS-232C serial port. A 
I-megabyte RAM expansion 
board is also available. 
Price: $777; RAM expan- 
sion, $495. 
Contact: GTCO Corp., 
7125 Riverwood De., Co- 
lumbis, MD 21046, (301) 
381-6688. 
Inquiry 773. 


Tape interface 
for the AT 


Y ou can use industry- 
standard 9-track computer 


tape drives with your IBM 
PC, AT, or compatible with 
Catamount’s interface cards. 
The cards are available in two 
different models: one for the 
IBM PC or compatible, the 
other for the IBM AT or 
compatible. 

For the PC, The ATC-8 is 
an B-bit FIFO interface on a 
half-slot card. For the AT, 
the ATC-16 is a full-length 
card with 16-bit I/O and 
128K-byte buffering. 

Price: ATC-8, $1095; ATC- 
16, $1295. 

Contact: Catamount Corp., 
2243 Agate Court, Simi Val- 
ley, CA 93065-1898, (805) 
584-2233. 

Inquiry 771. 


Digital Sound 
From Your PC 


sing the VP620E add-in 

board in your IBM PC or 
compatible, you can convert 
any audio signal in the 20-Hz 
to 7-kHz range into a digital 
signal for real-time recording 
and playback using your com- 
puter's disk. The % -length 
board uses ADPCM (Adap- 
tive Differential Pulse Code 
Modulation) and takes its in- 
put via an RCA jack. 

Using software, you can 
select a sampling rate of either 
8 or 16 kHz. You can then 
manipulate or randomly access 
the digitized audio. Since the 
board operates in the back- 
ground, it works at a maxi- 
mum overhead rate of less than 
20 percent. Since it has 
selectable interrupts, you can 
use multiple boards for appli- 
cations such as stereo or sinyal- 
taneous record/playback. 
Price: $395. 

Contact: Antex Electronics 
Corp., 16100 South Figueroa 
St., Gardena, CA 90248, 
(800) 621-0849, ext. 350; in 
California, (213) 532-3092. 
Inquiry 772. 
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The LOGITECH HiREZ Mouse— 
the only mouse expressly designed for 
high-resolution screens. 

With a resolution of 320 dots-per- 
inch (as compared with 200 dpi or less for 
ordinary mice), it covers the same area 
on your high-res screen, but needs less of 
your desk to do it. More than 50% less. 
Saving you valuable desk space, and 
effort: mouse maneuvers that used to 
require a sweep of the hand are now 
reduced to a flick of the wrist. 


The LOGITECH 
HiREZ mouse need. 
SCR, less dak space 
Ip coro thr same 
amount of trem 
area as a NK? din 


motus 


Which makes this new mouse a 
hand's best friend. And a more reliable, 
long-lasting companion—fully compatible 
with all popular software, and equipped 
with a Lifetime Guarantee. 

Equipped, too, with other advantages 
exclusive to all Logitech mice: A unique 
lightweight ergonomic design. Low- 
angled buttons for maximum comfort 
and minimum fatigue. Àn exclusive tech- 
nology that guarantees a much greater life 
span. An exceptionally smooth-moving, 
dirt-resistant roller ball. And natural 
compatibility with all PCs, look-a- likes, 
and virtually any software. 

So if you've got your eyes on a 
high-res screen, get your hands on the 
one mouse that’s agile enough to keep 
up with it. 

The LOGITECH HiREZ Mouse. 

For the dealer nearest you, call 800- 
231-7717 (800-552-8885 in California), 
or write Logitech, Inc., 5505 Kaiser Drive, 
Fremont, CA 94555. In Europe, call or 
write: Logitech Switzerland, European 
Headquarters, CH-1111 Romanel/Morges, 
Switzerland (++41-21-869-9656). 


BLOGIT ECH 


Circle 147 on Reader Service Card (DEALERS: 148) 


How to pick 


Though most mice out there look pretty 


much alike, they're not all equal in performance. 


It pays to be just a litte choosy to make sure you 
end up with the right mouse for your needs. 

Starting with software. If you want full com- 
patibility with all of your software, all you have to 
do is look for a mouse with the Logitech name. 
There are four in all, each one designed for dif- 
ferent hardware needs. 


THE HiREZ MOUSE 


If you've got your eyes on a high-resolution 
screen, the mouse to get your hand on is the new 
LOGITECH HiREZ 
Mouse. 

With a resolution of 
320 dots-per-inch (as 
compared with 200 dpi 
or less for ordinary mice), 
it covers the same area 


l The LOGITECH 
on your high-res screen HIRS2 Maite mids | 
but needs less of your rice ei 
desk to do it More than — a 

. areg as a 
50% less. Saving you ied 


valuable desk space, and 
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Good instincas run im this family (left to nghi): the new LOGITECH HiREZ 
Mouse (8179), the only mouse designed expressly for hugh-rey sveens; the LOGITECH 
Series 2 Mouse Jor the [BM PS/2 (899, plugs right mio mouse port); and the 
LOGITECH. Mouse for siemdard screens ($119, in bus and senal versions). 

All come with Logitechi mon Plus Software, which assures ease of ust with 
virtually any software, mouse based or noi, 


effort: mouse maneuvers that used to require 
sweeps of the hand are now reduced to a flick of 
the wrist. 

Which makes this new mouse a hand's best 
friend. And a more reliable, long-lasting com- 
panion. And, like al! Logitech mice, its fully 
compatible with all popular software, and 
equipped with a Lifetime Guarantee. 


THE SERIES 2 
MOUSE 


For those who've chosen 
the Personal System/2? the 
most logical choice is the 
LOGITECH Series 2 
Mouse. It's 100% compati- 
ble with PS/2, and plugs 
right into the mouse port, 
leaving the serial port free 
to accommodate other 
peripherals. 


e right m 10use. 


THE ALL-PURPOSE MOUSE: 


SERIAL OR BUS 
Most people find our standard mouse is still ' «e 
the best choice for their systerns. Its available in oo | — — 
both bus and serial versions, one of which sre. fut pper : Regna oif Hen 
to fit perfectly with your hardware. And with all prices include mouse, Pe Sue d evi ar 
your favorite software —whether mouse-based LOGICADD...$159. PUBLISHER PACKAGE LOGIPAINT SET... 
Turns your PC into, .. $179, PUBLISHER $149. Eleven type 
or not, a full-featured CADD software lets beginners and. fonts and a I6-colar 
i ; kstation, E, alike . Creates files that 
_Its hardly an accident that only Logitech seio ita pusisin clone susc hh 
offers you such a complete selection—we're the dimensioned line documents, Design templates — LOGICADD and 
only mouse company to design and manufacture 27 and CADD. make page layout easy. eel dorika, 
our own products. We make more mice, in fact, (800-552-8885 in California). Or fill out and mail 
than anyone else. Including custorn-designed the coupon below to: Logitech, Inc., 6505 Kaiser 
models for OEMs like AT&T, DEC, and Drive, Fremont, CA 94555. In Europe, call or write: 
Hewlett-Packard. Logitech Switzerland, European Headquarters, 


The three mice pictured to the left come with all. CH-1111 Romanel/Morges, Switzerland 
this expertise builtright in. Which explains (++41-21-869-9656). 
an interesting paradox: while 
you may pay less for a 
Logitech mouse, you'll 
surely get more in 
performance. 


And in comfort. With a unique lightweight Ce oe lk ne E 


. ‘ ; ogitech, Inc., 6505 Kaiser Drive, Fremont, CA 94555. 
ergonomic design. Low-angled huttons for maxi- | Logitech Switzerland, European Headquarters, 
mum comfort and minimum fatigue. An exclusive | CH-H1I Romanel/Morges, Swiverland, 


technology that guarantees a much greater life | Yes! Please send me the name of the nearest Logitech dealer. 
span. Àn exceptionally smooth-moving, dirt- | Name 
resistant roller ball. And natural compatibility with | 
all PCs, look-a-likes, and virtually any software. | 

All of which leads to an inescapable conclu- Address 
sion: if you want to end up with the right mouse, 
start with the right mouse company. 


Logitech. We've got a mouse for whatever the 
task at hand. | Is» 


For the dealer nearest you, call 800-231-7717. Lo LT — — — — — —— — — 
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WHAT'S NEW 


ee es ee ww 0» 


Analyze Those 
Waveforms 


he MacSpeech Lab Il is 

a complete system for 
speech, music, and waveform 
analysis using Apple's Macin- 
tosh Il. According to GW In- 
struments, typical applications 
for the lab include the devel- 
opment and testing of audio 
equipment, voice and sound 
analysis by crime laboratories, 
speech disorder analysis, 
speech therapy, speech-recog- 
nition and speech-synthesis 
technology development, audi- 
ological testing and studies, 
and other assorted acoustic 
studies. 

The heart of MacSpeech 
Lab II is the MacADIOS data 
acquisition board, along with 
the MacADIOS II antialiasing 
filter daughterboard. Also in- 
cluded are a microphone, 
speaker, record and play am- 
plifiers, and MacSpeech Lab Il 
software. 

The system can digitize 
complex waveforms up to 414 
minutes long at sample rates 
of from 5 to 80 kHz. You can 
then view, play, analyze, 
cdit, or print them. MacSpeech 
Lab Il is available either solo 
or complete with a Macintosh 
H and Apple LaserWriter 
Plus,or with the Macintosh IT 
without the printer. 

Price: $6999, with Mac II 
and printer, $16,350. 
Contact: GW Instruments 
Inc., P.O. Box 2145, Cam- 
bridge, MA 02141, (617) 
625-4096. 

Inquiry 774. 


MacSpeech Lab il brings waveform analysis to the Mac il, 


Companionship 
for Your Computer 


C ybex Corp. stresses that 
it's not a network or 
multitasking device, but what 
its product—named Compan- 
ion—can do is add an extra 
keyboard and monitor to your 
system up to 250 feet away 
from your system unil. 

Companion uses a connec- 
tor box and special circuitry to 
use a single 4-inch cable for 
both keyboard and monitor, It 
can be switched from 
"shared," which allows both 
local and remote keyboards 
and screens to be active, to 
"private," for when you 
don't want the remote screen 
visible. 

According to its maker, 
Companion works with all 
IBM PCs and compatibles. If 
you're using monochrome or 
color monitors, you can gel 


FRIENDLIER THAN THE AVERAGE MOUSE 


ouse-Trak looks like a 
trackball, and it is. 
But it's compatible with a 
mouse. According to Itac 
Systems, Mouse-Trak is 
More accurate and requires 


less effort to use than your 
garden-variety mouse. 

The essence of Mouse- 
Trak is a 2-inch polished 
phenolic ball, Using a DIP 
switch, you can set the on- 
board buttons for either mo- 
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mentary contact or toggle 
on/off. There's also a speed- 
control button that gives you 
a 4-to-1] change in cursor 
velocity. 

Five versions of Mouse- 
Trak are available. The two 
standard RS-232C versions 
{two or three buttons) emu- 
late both the Microsoft 
Mouse and the Mouse Sys- 
tems PC Mouse, respective- 
ly. The three quadrature 


Companion in cable lengths of 
25, 50, 100, and 150 feet. 
Price: $199 and up. 

Contact: Cybex Corp.. 
1860-B Sparkman Dr., Hunts- 
ville, AL 35816, (205) 
830-1100. 

Inquiry 775. 


Serious Joy(stick) 


he “ultimate control for 

flight-simulation soft- 
ware" is what CH Products 
calls its FlightStick joystick for 
the Apple II and IBM PC and 
compatible families. The 
FlightStick has a contour pis- 
tol grip, with both trigger and 
fire buttons. The IBM ver- 
sion also has a thumbwheel 
control for throttle control on 
both Microsoft's Flight Simu- 
lator and Electronic Art's 
Advanced Flight Trainer. 

The FlightStick also has 


versions are replacements 
for mice that operate with 
systems ranging from Atari 
to Apple, to more powerful 
systems such as Sun, Apol- 


lo, VAX, and Tektronics. 


Price: $119 to $179. 
Contact: Itac Systems Inc., 
1303 Columbia, Suite 217, 
Richardson, TX 75081, 
(800) 533-4822: in Texas, 
(214) 234-5366. 

Inquiry 778. 


dual-axis trim controls, and a 
5-foot cable with thumb- 
screws, CH Products says the 
internal potentiometers are 
rated at 4 million life cycles. 
and that ils return-to-center 
accuracy is +. percent. 

The Apple model of the 
FlightStick works with the ile. 
IIc, and IIGS. The IBM 
model is compatible with the 
PC, XT, AT, and compat- 
ibles, as well as the PS/2 
series, On the IBM, you'll 
need a game port, and CH 
Products just happens to have 
its new Gamecard III Plus 
available. The board has a 
three-pesition switch that ad- 
justs the gameport interface 
to three different values. 

The company claims the 
board also lets you use joy- 
sticks and computer games 
with AT compatibles at up to 
16 MHz. 

Price: Apple version, 
$74.95; IBM version, $79.95; 
Gamecard III Plus, $59.95. 
Contact: CH Products, 1225 
Stone Dr., San Marcos, CA 
92069, (619) 744-8546. 
Inquiry 776. 


Coprocessor 
Speedup 


D ue to the variation in 
speed rating of 80287 
arithmetic coprocessor chips, 
most computer systems run 
these chips at only 66 percent 
of the speed of the 80286 pro- 
cessor. But a company called 
Semiconductor Physics has a 
solution. Its Co-Clock is an 
80287 speedup board that's sold 
without the coprocessor chip. 
Available in rated frequen- 
cies of 10 and 12 MHz, the Co- 
Clock operates at the precise 
rated frequency of the 80287. 
Installation is a simple matter 
of inserting the 80287 into the 
Co-Clock, and inserting the 
Co-Clock into your system's 
80287 socket. 
Price: $60. 
Contact: Semiconductor 
Physics Inc., 639 Meadow 
Grove Place, Escondido, CA 
92027, (619) 741-3360. 
Inquiry 777. 


continued 


Spreadsheet growing too big and complex? 
You need a database. No time to learn 
a database? You need the ORACLE 
database add-in for Lotus 1-2-3. 


If you have Lotus 1-2-3 and $199, you 
can now solve the six biggest 
spreadsheet problems: 


| Has your spreadsheel grown so 
complex you ca'i keep Irack of 
the formulas any more? 


2 Have you had to break down your 
large spreadsheet into many 
smaller ones? 


3 Do you have to manually reenter 
data that's duplicated In several 
spreadsheets” 


4 Lo you have to manually manipu- 


late rows inlo meaningful groups? 


Is recalculation time lor seldom- 
used reference variables ealing 
you alive? 


Do you wish you could simul- 

laneously share spreadsheet 
data with other PCs, as well as with 
minis and mainframes? 


Now, ORACLE for 1-2-3 turns your 
spreadsheet into the world-class 
database you already know how to 
use And without learning a new 
database language, you can use the 
very same ORACLE that's the most 
requested DBMS hy minicomputer and 
Inainframe users, All for only $199, 


ORACLE for 1-2-3 tets data rela- 
honships replace ever mare complex 
spreadsheet formulas. No more time 
I$ wasted recalculating seldom-used 
reference cells. In short. ORACLE 
puts data back where i1 belongs. In 
a database, 


With simple extenslóns to existing 
Lotus menus, ORACLE lor 1-2-3 lets 
you create new database tables right 
irom rows and columns in your 
spreadsheet. When you query the 
database from a cell, you immediately 
see current dalabase information. 
Update a spreadsheet cell, and the 


RA f CLE 
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Oreck: is a registered trademark nf Orecie Corporsilon. The falling arc alan trademarks: Lotus and 1-2-3 of Lotus evelopment Carparziion: IAM of iniernaiionz! Bornes Machines. 


database is simullaneuusly updaled 

A range ol cells in your 1-2-3 spread- 
sheet could really be a window into 

an online micra, mini or mainframe 

database anywhere in the wortd, It's 
netwark ready, from LAN to WAN. 


Ail as easy as... 1-2-3. 
ORACLE FOR 1-2-3: 
THE NEW STANDARD 


ORACLE is the number one data- 
base for maintrames, minicomputers 
and workstations. Soltware Digest 
recently rated ORACLE the most 
powerful and versatile relational 
DBMS for the PC. And ORACLE is 
based on SQL, the data management 
standard endorsed by IBM, ANSI. 
ISO and the lederal government. Now, 
there i$ a new standard: ORACLE 
for 1-2-3. lt has the simplicity you've 
always had, with the power you've 
niways wanted. 


THE ADVANTAGES OF 
DATABASE TECHNOLOGY 


I! your dala i$ in a database, yopr 
spreadsheet only has to deal with 
the data you're interested In. Which 
means spreadsheet performance is 


CALL 1-800-ORACLET 
EXT. 149 TODAY. 


| s . | 


dramatically improved. But this is 
just the beginning. 

Mulliple users can share the same 
data Different users can have dilter- 
ent levels of security Mainframe-class 
data integrity and error recovery 
mean never having Ip say “Ooops!” 


* CREATE YOUR DATABASE FROM 
SPREADSHEET COLUMNS AND ROWS. 
Familiar menus and context-sensitive 
help guide you through the process. 

* QUERY YOUR DATABASE AS 
EASY AS 1-2-3. Have the query built 
for you, or write SQL queries your- 
self. Learn why SQL is Ihe industry 


gb 


tata management standard 


* UPDATE YOUR DATABASE AS 
YOU UPDATE SPREADSHEET 
CELLS. In update mode, changes iii 
your spreadsheet become changes 
in your database. And if you make a 
mistake, you can... 


* COMMIT OR UNDO CHANGES. 
Finally, an "UNDO" command for 
]-2-3! When your dalabase changes 
are complete, you can COMMIT 
therm, or ROLLBACK your database 
and your spreadsheet. 


* AROUND YOUR OFFICE OR 
AROUND THE WORLD, ORACLE 
lor ]-2-3 is network ready lor data 
distribution on LANs and WANs. So 
dala on PCs, workstations, minis 
and even on mainírames appears as 
M it's on your local hard disk, 


HEARD ENOUGH? 


WE'LL PAY SALES TAX AND 
SHIPPING IF YOU FILL OUT AND 
MAIL THE ATTACHED COUPON, 
OR CALL TODAY. YOU CAN ALSC 
SEE A DEMONSTRATION AT YOUR 
FAVORITE COMPUTER STORE. 


ORACLE for 1-2-$ * Oracie Corporation 


Di ear | Oracle, Ti) Duis Dover » Belmout, CA 54007 


| uree an PS BO86/803A6 PC ning 9 Dos à Or and (Totus release? 1 (ata have 
MD ol extended memory of | Hl ceamign mom 


P. £AGKB of RAM, plus exter | 


übove-saánf) memory as extended metnotv. Picase send me the data 
ORACLF Database Add-in tar Lotus 12-3. Enctosed ip my 
AmEx credit cant authorization for $199 Hurry. 
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WHAT'S NEW 


SOFTWARE * 


PROGRAMMING 


AP's NewWave integrates data from multiple applications. 


Windows Management 
Under QuickBASIC 


uick Windows is a win- 

dow-management library 
for Microsoft’s QuickBASIC. 
You can create windows, 
pop-up and pull-down menus, 
help windows, and data-entry 
screens, and you can access 
over 60 functions through 
BASIC with the CALL 


Statement. 

When you open a window, 
the program automatically 
saves the screen contents 
below. When you close the 


window, it restores tbe 
screen. You have control over 
the style, size, and attributes 
of each window. Each window 
also has its own cursor, so 
you can write text to a window, 
and the window scrolls when 
it becomes full. 
QuickWindows is written 
in assembly language. It runs 
on the IBM PC, XT, AT, or 
compatible with a hard disk 
drive or two floppy disk 
drives and MS-DOS or PC- 
DOS 2.0 or higher. You need 
at least 320K bytes of available 
memory, and 512K bytes is 


recommended. You also need 
Microsoft's QuickBASIC and 
an EGA or CGA video board. 
The program also supports 
the Microsoft Mouse. 

Price: $79; $99 with source 
code, 

Contact: Software Interphase 
Inc., 5 Bradley St., Suite LQ, 
Providence, RI 02908-2304, 
(401) 274-5465. 

Inquiry 779. 


HP's icon-Based 
Application 
Environment 


he New Wave environ- 

ment combines object- 
management technology, ar- 
tificial intelligence, and a 
graphical user interface. It 
lets you integrate data from 
multiple applications includ- 
ing text, graphics, voice, and 

images. Hewlett- 

Packard reports that the data is 
linked seamlessly. “Hot con- 
nects" between applications 
make sure that when you 
modify one object, all others 
are updated as needed. 

New Wave can run any MS- 
DOS application, but you need 
to write code to make it ap- 
pear as a seamless object in the 
New Wave environment. You 


TURBO PASCAL 4.0 LIBRAHY AND COMMUNICATIONS UTILITY 


ower Tools Plus 4.0 is à 

library of over 140 
functions that enhance the 
Turbo Pascal 4.0 program- 
ming environment. You can 
install a Turbo Pascal proce- 
dure as an interrupt-service 
routine or an intervention 
code thal can be automati- 
cally triggered at certain 
times of the day or when you 
press hot keys. 

The utilities provide cur- 
sor control, screen attribute 
settings, multiple-display 
page support, scrolling, 
screen input and output, and 
fast video access. EGA and 


VGA are supported in text 
mode, including 43- and 50- 
line modes. 

With Power Tools Plus, 
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you can construct multiple 
windows with borders, atiri- 
butes, and cursor control. 
You can also stack and re- 
move them, or display them 
tiled or overlapped. You can 
also execute DOS com- 
mands from within your 
Turbo Pascal program. 
Asynch Plus is another 
Turbo Pascal 4.0 utility. It 
leis you add asynchronous 
communication capabilities 
to your Pascal applications 
programs. Asynch offers si- 
multaneous buffered inpul 
and output to both commu- 
nications poris at up to 9600 
bps, according to Blaise. I 
supports the XON/XOFF 
protocol and XMODEM file 
transfers. The routines drive 


most asynchronous devices 
via RS-232C ports. The util- 
ity includes low-level con- 
trol and queue-maintenance 
functions written in assem- 
bly language, and high-level 
routines written in Turbo 


Both Power Tools Plus 
and Asynch require Turbo 
Pascal 4.0 and MS-DOS 2.0 
or higher, running on the 
IBM PC, XT, AT, or com- 
patibles, or the PS/2. The 
source code is alsa included 
with both products. 

Price: $129 each. 

Contact: Blaise Computing 
Inc., 2560 Ninth St., Suite 
316, Berkeley, CA 94710, 
(415) 540-5441 .. 

Inquiry 782. 


can run the MS-DOS applica- 
tion from within New Wave, 
represent the data from the ap- 
plication as an icon, or fully 
integrate the application into 
New Wave by hot connects. 

A task manager (the 
Agent) is like a macro proces- 
sor but can record comments 
applying to different MS-DOS 
applications. The Agent uses 
scripts written in the New Wave 
Task Language, and you can 
use it to automatically execute 
repetitive tasks at a particular 
date and time. 

New Wave runs on the IBM 
PC, XT, AT, and compatibles 
with Microsoft Windows 2.0. 
Price: $895. 

Contact: Hewlett-Packard, 
P.O. Box 10301, Palo Alto, 
CA 94303-0890, (800) 367- 
4772; in California, (415) 
857-1501. 

Inquiry 789. 


Application Modeling 


odel-S lets you develop 

a working model of pro- 
cess-related applications. To 
create a model, you break the 
application into frames, such 
as menus, data-entry panels, 
and reports, which may in- 
clude both text and data. You 
then link the frames into a 
working model, test it during 
development, and display the 
flow diagram; then you can ex- 
port it to a database. 

You can develop models 
with up to 200 frames, and for 
longer models you connect 
them to form super-models. 
Frame size is 60 rows by 160 
columns, and you can have up 
to 200 titles and data fields. 
You can link it to as many as 60 
other frames. 

The program runs on the 
IBM PC and compatibles with 
a hard disk drive, one or 
more floppy disk drives, 
PC-DOS or MS-DOS 2.0 or 
higher, and at least 256K bytes 
of RAM. Color is supported. 
Price: $149. 

Contact: PC-Systems, 307 
Barwynne Lane, Wynnewood, 
PA 19151, (215) 649-8981. 
Inquiry 781. 


continued 


Perfect matches to DEC user needs. Hip. Hip. And Hooray. 


One-size-fits-all is an attribute best reserved for inexpensive socks. In the 
realm of PC-based emulation and communications software for DEC mainframe 
—-— its important to match specific user needs with specific product attributes. 

e have. 

SmatTerm" 240 features exact four-color emulation of a DEC" VT241 terminal. 
Along with delivering full-screen ReGIS* and Tektronix® 4010/4014 graphics, 
SmarTerm 240 offers precise VT220, VTIO2, VT1OO, and VT52 text emulation. 

For non-graphics applications, SmarTerm" 220 duplicates virtually every 
Smarterm 240 text, communication, and ease-of-use feature. Three error-free file 
transfer protocols, including Kermit and Xmodem, are provided. Downloading 
minimizes on-line time requirements to boost overall system efficiency. And an 
optional network package allows direct LAN access to shared modems. printers, 
as well as host mainframes. 

As SmarTerm 240 and 220 focus on graphics and text, new SmartMOVE® makes 
PC-to-the-rest-of-the-World communications sharper than ever Speed connect, 
auto redial, and background file transfer features make this VTIOO emulator a loud 
and clear choice for advanced communications requirements. 

Graphics, text. and communications. If you're looking for a perfect fit, seek the 
software sized and priced to match your needs. Persoft has it. Period. 


persajr 


See us at DEXPO West Booth 1024. visit your dealer. phone us at 
608-273-6000. or use inquiry code 50. 


© IGT Perso inc All serie Poradi Smati al fonat OVE. ere fegestened trademarks it Persa [hc DEC VT and 
Re CIS are trademarks of Dual Earp Corpiration trates de a mylene trademark of Tektr wis Ic 


WHAT'S NEW 


ERING 


Ansys-PC for the Mac 


S wanson Analysis has 
ported Ansys-PC/Linear 
4.3 to the Macintosh II. PC/ 
Linear is a finite-element anal- 
ysis (FEA) program for stat- 
ic, modal, and dynamic re- 
sponse, and random vibration 
in one, two, and three 
dimensions. The analyses are 


performed on models built with 


a library that contains shell, 
solid, beam, pipe, gap, and 
other elements. 

Other Ansys programs to 
be ported to the Mac include 
Ansys-PC/Thermal 4.3, a 
stand-alone program for 
steady-state and transient 
thermal analyses; Ansys- 
PC/Solid 4.3, an interactive 
preprocessor for building solid 
FEA models; and Ansys- 
PC/Opt 4.3, for design 
optimization. 

Ansys programs require 
2 megabytes of RAM, a 40- 
megabyte hard disk drive, 
and a 640- by 480-pixel 256- 
color monitor. 

Price: $6400; $300 per 
month to rent. 

Contact: Swanson Analysis 
Systems Inc., Johnson Rd., 
P.O. Box 65, Houston, PA 
15342-0065, (412) 746-3304. 
Inquiry 783. 


Viewing Computer- 
Alded eforms 


ompView lets you view 
computer-aided wave- 

forms using fast-Fourier- 
transform-based digital-signal 
analysis. The program is 
menu-driven and has built-in 
functions of sine, pulse, tri- 
angular, and modulated wave- 
forms for plotting graphics in 
time and frequency domains. 

CompView also has several 
ideal first- and second-order 
filters for plotting impulse 
and amplitude responses. You 
can edit data in ASCII format 
and save it to a disk. 

CompView is not copy- 
protected. It runs on the IBM 
PC, XT, AT, and compat- 
ibles with PC-DOS or MS- 
DOS 2.0 or higher with 256K 
bytes of RAM and a CGA. 


A static analysis performed with Ansys-PC/Linear. 


Price: $49. 

Contact: Bsoft Software, 444 
Colton Rd., Columbus, OH 
43207, (614) 491-0832. 
Inquiry 784. 


Scientitic Data 
Processing 


pectra Calc, a program 

for processing scientific 
data, displays up to 20 data 
files simultaneously and lets 
you expand data in real time 
with full axis labeling, accord- 
ing to Galactic Industries. A 
WYSIW YG mode lets you pro- 
duce presentation-quality 
plots, the company reports. 
The plots can contain nurner- 
ous font types, colors, axis 
labels, and other annotation 
tools. 

The program has an op- 
tional arithmetic module that 
provides preprogrammed ap- 
plications including smoothing, 
curve Fitting, and Fourier do- 
main filtering. 

The program also includes 
an application language, which 
is designed to process arrays 
and is optimized for the 80x87 
coprocessor. With expanded 
memory, ihe program can han- 
dle arrays as large as 2.4 
megabytes. 

A communications pro- 
gram within Spectra Calc lets 
you transfer data between it 
and any remote computer or in- 


strument that supports a 
serial port. It supports standard 
ASCII file transfers, as well 
as Kermit and XMODEM 
protocols, 

Spectra Calc runs on the 
IBM PC, XT, AT, and compat- 
ibles with at least 512K bytes 
of RAM. It also runs on the 
IBM PS/2s. The arithmetic 
module requires an 8087 or 
80287 coprocessor, You also 
need an IBM CGA, Hercules 
monochrome, EGA, or IBM 
YGA adapter. 

Price: $695; arithmetic mod- 
ule, $395. 

Contact: Galactic Industries 
Corp., 417 Amherst St., 
Nashua, NH 03063, (800) 
862-6004; in New Hampshire, 
(603) 881-7877. 

Inquirv 785. 


Ray Tracing 


racer PC offers you ray- 

iracing capabilities with 
modeling and rendering fes- 
tures. Imagery includes reflec- 
tions, refractions, spectral ab- 
sorption, an unlimited number 
of multiple colored light 
Sources, shadows, and variable 
levels of antialiasing. You can 
have the following features 
available: arbitrary viewer lo- 
cation, arbitrary center of 
view, variable lens length, 
and variable output resolutions; 
you can also simulate water 
equations. 


The program's modeling 
capability lets you do surfaces 
of revolution, extrusion, and 
curved surfaces for complex 
parts, as well as quick primi- 
tives such as cones, spheres, 
cubes, cylinders, and arrows. 
You can also generate quick 
multiple views with hidden- 
line removal. 

To run Tracer PC, you 
need an IBM PC with at least 
640K bytes of RAM, a math 
coprocessor, a 40-megabyte 
hard disk drive, a mouse or 
digitizing tablet, and a Targa 
24- or 32-bil graphics card or 
a Number Nine Revolution 
32-bit graphics board. 

Price: $3000. 

Contact: Ray Tracing Corp., 
2516 Via Tejon, Suite 316, 
Palos Verdes Estates, CA 
90274, (213) 373-0520. 
Inquiry 786. 


Linear Design Tool 


nlike Spicc-based lin- 
ear-circuit-analysis pro- 

grams, LCAS uses a single 
program with analysis, graph- 
ing, printing, file-manage- 
ment functions, and an inte- 
grated cireuit editor. LCAS is 
command-driven from a 
spreadsheet-like menu, and 
the circuit editor is cell-based. 

Basic circuit components 
include delay lines, transmis- 
sion lines, microstrip, and 
phase-locked loop compo- 
nents.. Graphics functions let 
you plot, overlay, add, and 
subtract the magnitude, 
phase, and group delay re- 
sponses of circuits. You can 
output graphs to disk files or to 
Epson or IBM graphics-com- 
patible dot-matrix printers. 

LCAS runs on the [BM 
PC, XT, AT, and compatibles 
with al least 640K bytes of 
RAM and a CGA or EGA 
video adapter. It will also use 
an 8087 or 80287, if available, 
Price: $149.95, 
Contact: Datum Sysiems, 
P.O. Box 4720, Santa Clara. 
CA 95054-0720, (308) 
988-0858. 
Inquiry 787. 
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SOME PEOPLE 
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What you see above isn't the Late-night vision of 
an overworked design engineer. 

Rather, it's blood—ready to be computer assayed 
at the touch of a button in a hospital operating room— 
on a new blood gas analyzer that works twice as [ast as 
ever before. All to save time, money, error—and lives. 

This breakthrough for anesthesiologists was 
created by NOVA Biomedical. And made possible by 
AVOCET, acclaimed as the best source for prolessional- 
quality assemblers, simulator/debuggers and cross- 
compilers for microprocessor and microcontroller 
software development. 

Let Avocet tum your PC or VAX into a 
fast, powerful, integrated development system 
in 48 hours, even overnight. 

Avocet can help you rum more good ideas into 
more real products in less time. 

Just call us now and we'll get you up and running 
with what EDN calls "the most flexible, easy-to-use, 
high-speed development tools" — everything you need 
to turn your computer into a sophisticated personal 
development system. 

All at a modest price. From a single source. 
Backed by the reassurance of a technical hodine So 
friendly, knowledgeable, immediate-response support 
js as close as your phone. 

— Start with the in industry standard: 
Avocet AVMAC" Assemblers. 

The latest AVMAC Version 2.0 offers yau lightning- 
fast assembly. Plus, enhanced compatibility with Intel, 
Hitachi, Motorola & other chipmakers. Each AVMAC 
package comes complete with our AVLINK™ linker, 
AVLIB" libranan, AVREF" cross-reference generator 
and 200+ pg, User's Guide—all the tools you'll want 
and need. 


OUR} 
OOLS 


E T LIFE & DEATH 
MICROPROCESSOR 


Multiply your productivity 
with NEW Avocet C^ 
Introducing Avocet C—professional-quality apti- 
mizing cross compilers for the 280, 64180, 8096, 8051 
and more. 

Avocet C gives you quick compilation and com- 
pact, fast-running object code. And yes, it supports the 
full C language, including many ANSI extensions. 

Of course, Avocet C is also compatible with our 
AVMAC assemblers 5o you can drop into assembly 
language when you need to work magic at the bits-and- 


bytes level. 
Test with the best: 
AVSIM” Simulator/Debuggers. 
NOVA" Biomedical design engineers rate AVSIM 
"Number One" [or checking programs— quickly 

and reliably 

AYSIM test target wP/uC code right on your PC, 
with no special hardware. It can't be crashed by pro- 
gram bugs. And the full-screen display gives you 
instant visual access to the entire CPU: flags, registers, 
memory, O ports and on-chip peripherals. Highly- 
rated by EDN, “only AVSIM is sophisticated enough to 
let you set unlimited breakpoints and traps." 


AVOCET 


SYSTEMS, INC? 


- fcmmng derive uirga of rad Mead cel 
Target Microproceseor 
Families Supported 
COP400 


HDA HH 
NEC 7300 


1802; 1805 
6502/6502 
6801/6301 
WAH 
6805/6305 
5809 

OBRE Ll 


58000; 68010 
08020 

SOSH, gH} 
8051/8052 TMS- T2090 
BOS [M5- 42020 
5006 zB 

FBS 1870 ze 


Host Operating Systems 
CP/M DOS PC denis 


AMAC Macr Assemblers 
ASIM umuke; Debuggers 


VAN Unix 


from $344 
.. from $379 


Call new about nev 
Avocet C Cross Compilers from $895 


CALL TOLL-FREE 
800-448-8500* 


to order, inquire abour other developenem toals or receive 
our lara] microprocessor development wol caudog 


Try before you buy 

Order your AVMAC assembler and AVSIM 
simulator/debugger today and we'll include a special 
demo kit for both. Try the demo for 30 days. lf youre not 
satisfied [or any reason, return unopened products for 
a full refund, less the $35 demo/documentation kit 
which is yours to keep. 

Avocet Systems. With our development tools, the 
diagnosis for your project is a smooth Anish —oa time 
and on budget. 


Avocet Sysrems, inc, 120 Union Street 

PO. Box 490A0, Rockport, Maine 04856 
*Outside LS. and in ME, call (207) 236-9055 

TLX: 467210 AVOCET C} FAX: (207) 236-6713 


Avocet delivers al] ihe tools you need in 48 hours ox less 

Ask about our NEW Cross-Compilers, aur AVPROM" and 

AVPAL" programmers, our 8051 in-circuit emulator, devel- 
opment boards, the AVPAS 517 cross-compiler— and 

ANKIT," the total Unix 100lbox for DOS, including the 

incomparable VI editor 

© 1987 fence Syers. ln 
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THE SOURCE FOR QUALITY PERSONAL gP DEVELOPMENT TOOLS. 


()MS-P5* 800 Linotype Company Linotronic" 100 Digital Equipment Corp 
(OMS-PS* 800+ Linotybe Company Linatromc" 300 SonpiPrinter™” 
(QMS-PS* 800 I 


Texas Instruments OmniLaser'" 2108 Vancyper VT-600 Wang LCSI5™ 


The Laser Connectim PS JeuPS Jet-" NEC Information Systems [JMS-PS* 2400 Apio Compurer jne 
Silen: Writer" LC-890 Domiun/Laser 26" 


ES 


: isg] | 
: | 


Apple Comfniter inc. LaserWriter" 
Apple Computer Inc. Laser Winter? Plus 


POSTSCRIPT? from Adobe Systems started a revolution in business 
communications. That's why you'll find PostScript in virtually every 
popular laser printer sold today. 

POSTSCRIPT, the page description language, is the unanimous choice 
for some very good reasons. POSTSCRIPT gives you the option of printing 
from an IBM* PC, Macintosh, or mini/mainframe. 

With so many printers to choose from, you won't be tied to a single 
vendor. And that gives you the flexibility to buy what's best for your 
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company's needs. Since POSTSCRIPT is device independent, you can design 
a document, then professionally print it later at a higher resolution. 

You can also choose from hundreds of software programs supporting 
PosrScurT. And PostScrirt lets you combine text, line art, and even 
digitized photographs on the same page. 

PostScript from Adobe Systems. The only two names you need to 
know to join the communication revolution. 

Ask for a demonstration on the POSTSCRIPT printer of your choice. 
With so many to choose from, the hardest decision you = 
may face is which POSTSCRIPT printer to buy. N b. 


POSTSCRIPT from Adobe. 
The Magic Behind Desktop Publishing 


Al ours ag tahad trademarks and pademarha of teer manulacdurers 
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WHAT'S NEW 


Co X TUS OFPWARE SCIENTIFIC AND ENGINEERTNG — | — 
Modeling, Animating Mechanical Drafting 
on the Amiga with AutoCAD 
culpt 3-D is a solids- ncodraft Mechanical 
modeling and ray-tracing works with AutoCAD to 
program. Animate 3-D is an automate a variety of me- 
animation program. You can chanical drafting tasks. Enco- 
link the two together to pro- draf Mechanical has a setup 
duce animated designs and feature that helps you create 
productions. layers, establish standard 


Sculpt 3-D is a stand-alone 
program that can use all 4096 
colors of the Amiga palette. It 
offers mouse control, pull- 
down menus, and keyboard 
macros. Three windows show 
you standard architectural 
views of a three-dimensional 
space. A library of shapes in- 
cludes spheres, cubes, and 
prisms. Tools such as spin, 
magnet, and extrude enable 
you to modify the object's 
shape. 

You can change your point 
of observation, and, just as if 
you were using a 35mm cam- 
era, you can choose the lens 
view from wide angle to tele- 
photo. You can also change the 
placement of light sources. 

In quick check mode, 
which lasts for less than 1 sec- 
ond, you can create a wire- 
frame model image. Painting 
mode is for generating a solid 
mode! image quickly. 

Snapshot mode renders a 
fast ray-traced image without 
the shadows, and photo mede 
gives you a detailed 4096-color 
ray-traced image with 
shadows. 

Sculpt 3-D supports over- 
scan and all the Amiga graph- 
ics modes, as well as NTSC 
and PAL, video displays. Out- 
put is in the form of standard 
IFF files. 

Animate 3-D requires 
Sculpt 3-D às its object editor. 
]t lets you manipulate and 
control the motion of the ob- 
jects you create with Sculpt 
3-D. You can use segmented 
and cubic spline paths for oh- 
jects, observer, and light 
sources, Animate also lets you 
preview character animation 
in real tune. 

You can also compress and 
expand images in real time. 


A three-dimensional model created with Sculpt 3-D. 


Animate lets you interface 
with single-frame controllers 
and film recorders. 

Price: Sculpt 3-D, $99.95; 
Animate 3-D, $149.95. 
Contact: Byte by Byte Corp.. 
Arboretum Plaza I1, 9442 Cap- 
ital of Texas Highway N, 
Suite 150, Austin, TX 78759, 
(512) 343-4357. 

[Inquiry 788. 


Modeling with 
DataCAD 


C Modeler works with 

DataCAD 3.5, adding 
three-dimensional design, 
editing, and modeling capabili- 
lies to the CAD program. The 
modeler includes an edit menu, 
which lets vou edit drawings 
from any perspective. An enti- 
ies menu gives you a variety 
of three-dimensional shapes 
such as cones, domes, cylin- 
ders, and slabs. 

You can access DC Model- 
er from within the DataCAD 
rnenu. All changes you make 
are automalically made to the 
drawing file. 

To run DC Modeler you 
need an IBM PC or compatible 
with 640K bytes of RAM, 
MS-DOS or PC-DOS 3.0 or 
higher, and DataCAD 3.5. 
Price: 3495. 

Contact: Microrecture 
Corp., 617 West Main St., 
Charlottesville, VÀ 22903, 
(804) 295-2600. 

Inquiry 789. 


Numerical Analysis, 
Signal Processing, and 
Graphics 


86-MATLAB (matrix 

laboratory) and 386/Wei- 
iek-MATLAB run in pro- 
tected mode on 386 systems, 
breaking the 640K-byte mem- 
ory barrier. The programs, 
which integrate numerical 
analysis, matrix computation, 
signal processing, and graph- 
ics, don't require dimension- 
ing. A matrix interpreter ac- 
cepts commands in standard 
mathematical notation. 

The Weitek version of 
MATLAB offers floating-point 
support using the Weitek 
1167 on the Compaq Deskpro 
386/20. 

386-MATLAB runs on 
386-based personal computers 
with an 80287 or 80387 math 
coprocessor and MS-DOS or 
PC-DOS 3.] or higher; | 
megabyte of RAM; and an 
EGA, CGA, or Hercules 
Monochrome card. The Weitek 
version requires the Weitek 
1167 coprocessor option. 
Price: 386-MATLAB, 
$1495; Weitek version, $1995. 
Contact: Math Works Inc., 
20 North Main St., Suite 250, 
Sherborn, MA 01770, (617) 
653-1415. 

Inquiry 794. 


drawing sizes, and select layer 
names and colors. The pro- 
gram can shift the drawing 
origin to any location 
automatically. 

According to Encode, 
rules-based construction tech- 
niques facilitate geometric 
construction and ensure that 
the drawings will meet CAD 
industry standards. Encode re- 
ports that tangencies and 
other intersections are accurate 
10 16 significant digits. 

A bill of materials extrac- 
tion routine extracts dala cap- 
tured, and the information is 
exported to external databases. 

The program runs on the 
IBM AT or PS/2s with Auto- 
CAD 2.5 or higher. 

Price: $500. 

Contact: Encode Inc., 12 
Cotton Rd., Nashua, NH 
03063, (603) 882-4666. 
Inquiry 791. 


Hy oe Statistical 
Calculator 


LR StatCalc simulates a 

statistical calculator with 
a display, 7 standard func- 
tions, 12 statistical functions, 
and 3 memories, Functions 
provided include mean, stan- 
dard deviation, standard error 
of the mean, correlation, re- 
gression, and probabilities. 
You can enter data in scrollable 
text fields, or you can read it 
in from text files. 

The program runs on the 
Macintosh Plus and requires 
HyperCard. 

Price: $22.50; 1-year site 
licenses for schools, $125. 
Contact: Clear Lake Re- 
search, 5615 Morningside, 
Suite 127, Houston, TX 
T7005, (713) 523-7842. 
Inquiry 792. 
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Will The Real 


Please 
Stand Up 


It's easy to identify the leader in VGA resolution—just look 
to the company that brought you the first 800 x 600 EGA card. 


800 x 600 VGA with 256 Colors 


1024 x 768, too. Either way, Genoa' s SuperVGA HiRes™ is 
the best way to see VGA. And your spreadsheets will look great, 
with 132 columns and 60 rows for your viewing pleasure. 


Crash-free Windows 


Yes, we do Windows-no problem. And SuperVGA HiRes 
is compatible with both the VGA PS/2 monitors and the 
EGA Multisync monitors, in VGA and EGA modes. 

So dont settle for inadequate imitations. Get the highest 
VGA performance at the best price, in true Genoa tradition. 

For the dealer nearest you, contact: Genoa Systems 
Corporation, 73 E. Trimble Road, San Jose, CA 95131 
FAX:408-434-0997 Telex: 172319 
Telephone: 408-432-9090 


(e — Genoa 


RN MZ ' SYSTEMS CORPORATION 


Genoa Systems Limited (U.K.) Tel: 01 -720-5064 


© 1987 Genoa Systems Corporarion. Super YGA HiRes is a trademark of Genoa Systems Corporation, 
Windows is a trademark of Microsoft. Inc, Multisvnc is 3 lrademark of NEC ikame Electronics. 
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WHAT'S NEW 


Memory-Resident 
Spreadsheet 


D atax calls QuickPlan the 
only memory-resident 
spreadsheet program for MS- 
DOS computers, The spread- 
sheet features a SideKick-like 
pop-up menu, 17 movable win- 
dows, cut-and-paste capabil- 
ity, and math functions. 

With the cut-and-paste fea- 
lure, you can export an area of 
the spreadsheet to other pro- 
grams. The 28 built-in math 
functions and operators let 
you build worksheets. Quick- 
Plan works with cell ranges, 
letting you construct formulas 
containing absolute, relative, 
or mixed-cell references. You 
can customize the format of 
any cell in the spreadsheet, and 
also change the number of 
decimals and cell width. 
QuickPlan's worksheet con- 
tains 588 cells in 14 columns 
by 42 rows. 

QuickPlan is not copy-pro- 
tecied and runs on the IBM PC 
with at least 150K bytes of 
available RAM. It comes with 
TurboCalc, a 24-function cal- 
culator, and FileMaster, a DOS 
shell and macro processor. 
Price: $79. 

Contact: Datax, 470 12th 
Ave. N, St. Petersburg, FL 
33701, (813) 894-7472. 
Inquiry 793. 


Two on Taxes 


hipSoft's TurboTax and 

J. K. Lasser’s Your In- 
come Tax both take the 1986 
tax reform act into account. 
They feature on-screen calcu- 
lators and pin-feed 1040 forms 
(and don’t require preprinted 
1040s). 

TurboTax offers pop-up in- 
structions from the IRS book- 
lets. A forms finder helps you 
locate the form you need by 
subject. TurboTax's data ex- 
aminer checks over your retum 
when you're done to see if 
you've missed anything. 

Also included with Turbo- 


QuickPlan, ihe memor y-resident spreadsheet. 


Tax is Price Waterhouse 's 
guide to 1987 and 1988 taxes. 
More than 35 schedules and 
worksheets are provided with 
the program. One last unique 
feature of TurboTax is ils tax 
window, which lets you check 
your tax status at any point 
while filling out the forms. A 
version of TurboTax is avail- 
able for professional tax 
preparers. 

TurboTax runs on the IBM 
PC and compatibles with at 
least 256K bytes of RAM. 
Price: TurboTax, $75; Pro- 
Series/1040, $295. 

Contact: ChipSoft Inc., 5045 
Shoreham Place, Suite 100, 
San Diego, CA 92122, (619) 
453-8722. 

Inquiry 794. 


our Income Tax from 
J. K. Lasser has an inter- 

view system feature like the 
program Ask Dan about Taxes. 
It asks you questions and sug- 
gests the correct forms to use, 
based on your answers. The 
program can also compare your 
tax liability under various 
scenarios, And, like Turbo 
Tax, Your Income Tax has 
features for the professional tax 
preparer so you can work on 
forms for more than one client. 

Your Income Tax also runs 
on the [BM PC and compat- 
ibles with at least 256K bytes 
of RAM. 
Price: $69.95. 
Contact: MicroServices, 
200 Old Tappan Rd., Old 


Tappan, NJ 07675, (800) 624- 
0023; in New Jersey, (800) 
624-0024. 

Inquiry 795, 


Tracking Sales 
Accounts 


M aximizer is a general- 
purpose program for 
salespeople. It lets vou keep 
track of information on your 
clients, write letters, track 
your own records, schedule ap- 
pointments, and more. 

Maximizer imposes no 
limit on the number of clients 
and no system limit on the 
number of contacts within a 
company. 

You can define the number 
of attributes associated with 
each client, and the terms you 
use to describe the attributes 
are up to you. You can write 
notes and letters with the pro- 
gram's built-in editor. 

A day-at-a-glance facility 
lets you record appoinuments 
and other scheduled activi- 
Lies. A telephone directory is 
created automatically from 
your records. 

To run Maximizer you 
need an IBM PC with at least 
512K bytes of RAM and MS- 
DOS or PC-DOS 3.0 or high- 
er. It also runs on PS/2s. 
Price: $495. 

Contact: Pinetree Software 


Inc., 8100 Granville Ave., 9th 
Floor, Richmond, BC V6Y 
1P3, Canada, (604) 270-3311. 
Inquiry 796. 


Al and Hypertext 
Application 


tock Expert is Knowl- 

edge Garden's first appli- 
cation that combines hyper- 
text with an expert system. 
Based on guidelines set by the 
National Association of Invest- 
ment Clubs, the program of- 
fers assistance in investment 
decision-making. 

Hypertext explains indus- 
try jargon, and artificial intelli- 
gence is used in the expert 
system ihat makes investment 
recommendations. You can 
instruct the expert system to 
think in various ranges so you 
can adjust its recommendations 
to reflect your own ex- 
perience, expertise, and 
preferences. 

The system includes a 
stock checklist, selection 
guide, comparison guide, and 
company database. The check- 
list helps you analyze past 
stock growth. The selection 
guide includes information 
from Standard and Poor's or 
Value Line to help you predict 
siock price fluctuations over 
the next five years. The com- 
parison guide compares and 
analyzes the performance of 
companies and makes predic- 
tions on gains. And, finally, 
the database lets you store his- 
torical information on compa- 
nies. The database lets you 
search for sales growth, rela- 
tive value, carnings-per-share 
growth, retained earnings, 
and payout. 

Stock Expert is written in 
the KnowledgePro knowledge- 
processing environment. [t 
runs on the IBM PC, XT, AT 
and compatibles with 512K 
bytes of RAM. It also runs on 
PS/2s. 

Price: $249. 
Contact: Knowledge Garden 
Inc., 473A Malden Bridge Rd., 
Nassau, NY 12123, (518) 
766-3000. 
Inquiry 797. 
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Free Software from Genoa! For a limited time 
only, every SuperEGA HiRest™ card comes with 
a FREE copy of GEM Graph" —the popular 
business graphics package that norrnally retails 
for $249! 

What a combination—a quick, easy way to 
turn your spreadsheets and database files into 
stunning graphs, and SuperEGA HiRes* the 
only Multisync-compatible 16-color EGA card 
with 800 x 600 resolution! 

What can you do with the graphics card 
that brings you a full-page, readable display for 
Desktop Publishing? Run your spreadsheets in 
132 x 60 columns. Run most VGA applications. 


Run Ventura; Pagemaker," AutoCAD,” Windows; 


and more—all in dazzling 800 x 600 resolution! 
Get in on Genoa's GEM of a deal! For the dealer 

nearest you, contact: Genoa Systems Corpora- 

tion, 73 E. Trimble Road, San Jose, CA 95131 

FAX:408-434-0997 Telex: 172319 

Telephone: 408-432-9090 
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Gain LET! Sapir 
Commaxlil y —— Produced uung GUM Graph 


Free GEM Graph Software with every 
purchase of a Super EGA HiRes* card 
from Genoa! But hurry—offer expires 
March 31st! 
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Resident Expert offers information on a variety of 
programming languages. 


Programmer's 
Reference Guides 


P esident Expert contains 
a memory-resident shell 
and reference modules that 
you can pop up as windows to 
get more information on com- 
mands, a summary of syntax, 
examples, or a cross-indexed 
list of related topics. 

For example, if you forget 
the syntax for a command such 
as BACKUP, you activate the 
shell and press F for Resident 
Expert's FIND command to 
pull up a window showing a 
synopsis and overview. 
There's also a Related Topic 
feature and a Snapshot capa- 
bility, which lets you freeze a 
window of information and 
continue typing. 

Reference guides are avail- 
able for Borland's Turbo C 
1,0, Turbo Pascal 3.0, and 
Turbo Prolog 1.1; the Lattice C 
Compiler 3.2; Logitech's 
Modula-2 version 3.0, Mark 
Williams’ Let's C 4.0, and 
Microsoft C. A PC Program- 
mer's Guide is also available. 

The program is a termi- 
nate-and-stay-resident utility 
that runs on the [BM PC, 

XT, AT, and compatibles. It 
uses 49K bytes of RAM and 

is compatible with other TSRs, 
according to Santa Rita. Each 
reference database uses 110 to 
500K bytes of RAM. 

Price: $19 for the shell, 

which includes MS-DOS and 
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PC-DOS guides; prices of 
other guides range from $19.95 
to $39,95. 

Contact: Santa Rita Soft- 
ware, 1000 East 14th Si., Suite 
365, Plano, TX 75074, (214) 
727-9217. 

Inquiry 798. 


Freehand Drawing 
on the Mac 


Idus Corp. acquired the 

rights to FreeHand from 
Altsys Corp. in August 1987 
and plans to release the product 
early this year. 

FreeHand is a drawing pro- 
gram that lets you create or 
trace graphics with basic 
drawing tools or advanced line- 
and Bézier-curve tools. You 
can manipulate objects and text 
using special-effects features 
such as gradvated fills of text 
and objects; the ability to 
scale, rotate, reflect, and skew 
objects and text; and the 
ability to define beginning and 
ending colors for graduated 
fills. Drawing tools include 
lines, rectangles, rounded 
rectangles, and ellipses. Post- 
Script line and curve tools are 
also included. 

Text-handling capabilities 
include the ability to bend or 
shape a line of text along 4 
baseline that you define. Auto- 
matic or manual kerning is 
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available, as well as variable 
letter and word spacing and 
variabie line spacing. 

When you're in preview 
mode, FreeHand lets you edit. 
You have nine levels of mag- 
nification for viewing work on 
the screen. There are undo 
and redo options for the last 
eight actions you've per- 
formed. Other editing features 
include group/ungroup and 
lock/unlock commands, auto- 
matic alignment of objects 
and text, snap-to grids, rulers 
with measurements in incre- 
ments you define, an on-screen 
information bar that shows 
you changes in mathematical 
increments, and the ability to 
break up rectangles and ellip- 
ses into separate paths. 

FreeHand allows you to 
display up to 256 colors on 
your Mac II color monitor. 
The program also has a color- 
separation capability for the 
four process colors, spot color 
separalions, or a combination 
of the two. You can also spec- 
ify color screen percentages 
for printing color tints. 

FreeHand can import and 
export files saved in Encapsu- 
lated PostScript, and you can 
also open and edit graphics 
files created in Adobe Illus- 
trator, The program also sup- 
ports Clipboard images, which 
you can bring in as traceable 
background elements. 

FreeHand runs on the Mac 
Plus, SE, or II with two 800K- 
byte floppy disk drives or a 
hard disk drive, and any Post- 
Script-compatible output 
device. 

Price: $495, 

Contact: Aldus Corp., 411 
First Ave. S, Suite 200, 
Seattle, WA 98104, (206) 
628-2375. 

Inquiry 799. 


Quips and Quotes 


alinon's quipster, called 

OÍff-The- Wall, generates 
one-liners from a library of 
over 70 patterns and a dictio- 
nary. You can add your own 
phrases to the library and con- 
trol the placement of nouns. 
adjectives, adverbs, and verbs. 


Off-The- Wall runs on the 
IBM PC and compatibles with 
at least 256K bytes of RAM 
and MS-DOS or PC-DOS 2.0 
or higher. 

Price: $29. 

Contact: Salinon Corp., 
7430 Greenville Ave., Dallas. 
TX 75231, (214) 692-9091. 
Inquiry 800. 


À Print Spooler with 
Sideways Capabilities 


uet is a memory-resi- 

dent print spooler that 
performs standard functions 
such as queuing and back- 
ground printing of jobs. It 
also prints sideways and can 
print 1-2-3 or Symphony 
spreadsheet files. 

Duet can intercept all out- 
put sent to the printer by other 
programs and pul it on its 
print queue. You can reorder, 
delete, and schedule print 
jobs for a certain time of day, 
or put them on indefinite 
hold. Duet can automatically 
write the print queue and the 
spooled files out to disk, so if 
the power goes down, you 
won't lose your print jobs. 

With sideways printing you 
have the choice of 12 pre- 
defined font sizes, ranging 
from 19 by 10 pixels to 9 by 6 
pixels. A font generator is in- 
cluded that lets you customize 
the sideprint fonts or build 
your own fonts. Duet comes in 
four configurations: The larg- 
est version has both sideways 
printing and spreadsheet de- 
coding; another version has 
sideprinting only; a third ver- 
sion has spreadsheer decoding 
only; and the last version is 
without sideprinting or spread- 
sheet decoding. All four have 
normal spooling operations. 

Duet runs on the IBM PC, 
XT, AT, and compatibles with 
at least 256K bytes of RAM. 
Price: $89.95. 

Contact: Consumers Soft- 
ware Inc., 736 Chestnut St., 
Santa Cruz, CA 95060, (408) 
426-7311. 

Inquiry 801. 


Basic System Features: 


BO286 16 bit CPU, $12K RAM expandable 10 
1M@, clock/cafondar wilh battery backup, 195 
wall power supply, Maxiswitch keyboard (101 
key optional), 1.2MB (Ioppy drive, l'loppylhard 
disk controller, 80287 sockal, 8 expansion 
stots, AMI BIOS, full manual, 48 hour burn-in 
lasting and s one year iimited warranty 


Complete System Packages 


B MHz 
10 MHz $1198 


10 MHz (0 waœ) $1349 
12MHz(Ows) $1499 
16 MHz (803860 $1850 


Monographic System: 

Basic system features plus monographics card 
with printer port and 12°° amber monochrome 
monitor with tit/swivel base, 


Super EGA System: 

Basic System features plus EGA deluxe 
graphics card (640 x 480 and 752 x 410) and 
Mitsubishi Diamond Scan Multisync monitor with 
tilt/swivel base. 

"Other syrien peckepse ev aveteie, call lor pocas 


SF-286-8 MHz 
Super VGA Special $1649 


Basic System features plus: Evarex EVGA 
graphics board (640 x 460, up 1o 256 colors) 
and Mitsubishi Diamond Scan multisync 
monttor with Uitiswivel. 


SFM VES 


Super EGA Bundle $599 
Everos EGA Deluxe autoswiich graphics board, 
840 x 480 and 752 x 410, 132 columns PLUS 
Misus amond Scan with tHt/swrvel 


Super VGA Bundle $749 
Everex VGA Graphics board, 640 «460 and 800 x 
600, 132 columns PLUS Milsubishi Qiamond scan 
with Hit/gwivol. 


Monographics Bundie $139 
Monographics board with printer porc PLUS 
Samsung amber monochrome monitor with 
tlt/swivel. 


Hard Disk Drives 


Seagete ST238 3048 

+ Contr $309 
Miniscribe 3650 40MB 

4 Controller $399 
Seagate ST251 40MB 

+ Controller $499 
Seagate 4038 30MEB (39 ma) $499 
Miniscribe 3850 40MB (61 ms) $359 
Seagate 5T251 40MB (40 ms) $449 
Micropclis 1335 71MB (28 ma) $865 
Seagate 4006 BOMB (28 mal $899 


Everex Modems 
Everex Evaraom hall card modem, 300/1200 baud, 
lully Hayes compatible and Bitcom software, 


External Pockel Modem $1 39 Mite 


Everex Evercom WI 
2400 baud modems AS 


internat $179 Extena! $199 


Circle 481 on Reader Service Card 


special 

Mini WO $55 
Sana! Mouse tron $65 
150 Watt Power Supply $55 
Monographics board $79 
2MB EMS board w/OK $80 
3.5" 720K Hoppy/t.4MB tioppy $119/$158 
EGA Deluxe Graphics board $139 
Evercom 2400 Int. modem tor P5/2 $199 
Memory board for PS/2 $289 
Everex EVGA Graphics board $299 


WHAT'S NEW 


REGIONAL SECTION 


‘PACIFIC COAST 


Stand-Alone Modem Contact: New Generation 
Technology, 16742 Gothard 
St., Suite 217, Huntington 
Beach, CA 92647, (714) 
848-0871. 

Inquiry 823. 


erge—System A com- 

bines a Hayes-compat- 
ible modem with a telephone 
and includes up to 264K bytes 
of RAM. It allows you to 
communicate by both voice and 


data over the same line, send Norton's OS/2 


data unattended, and upload Reference Guides 

and download information 

without being connected to a he Norton On-Line Pro- 

microcomputer. grammer's Guides to 
When hooked up to an OS/2 Kernel API include 

IBM PC or compatible, about 800K bytes of informa- 

Merge—System A supports tion about DOSx (system and 

communication at 300 or 1200 file functions), KBDx (key- 

bps. You can store informa- board functions), MOUx 

tion from your computer in the | (mouse functions) and VIDx 

modem's memory, and trans- = Merge—System A can upload and download unattended. (video screen functions). 

fer data from ihe modem's ————————————————— The memory-resident pro- 

memory to your computer. A gram provides both short and 

two-line 80-character LCD keyboard with macros, a tion is also provided. long eritries, including calling 

screen is provided. phone directory that can store Price: With 40K bytes of sequences and programming 
Merge—System A features 200 numbers, and auto-dial RAM, $399; with 264K bytes examples. A reference section 

a programmable alphanumeric ^ capabilities. Terminal emula- of RAM, $499. continued 


PS/2 Compatible Data Acquisition: 


Planned Non-Obsolescence 


ne aii iaces ^ ^ esign a custom new data acquisition system or upgrade your existing 
PC or PS/2, / one—the Keithley Series 500 is the one system that is never out of date. 
AE All Keithley data acquisition and control modules are fully compatible with the 
| powerful new IBM PS/2 computers. 


Because Keithley offers the widest selection of modules, you can configure 
the exact setup your application requires. And when your requirements change, 
don't redesign your entire system—upgrade it with new modules from a selection 
of almost 30, including: 


x 


Almost 30 different modules 
fit any deta aoputsition. needs. 


« 12- AND 14BIT A/D CONVERTERS « DIGITAL INPUT AND « ISOLATED ANALOG 
» STRAIN GAGE WITH OUTPUT INPUTS 
BRIDGE COMPLETION * THERMOCOUPLE WITH — * FREQUENCY AND 
s LVOTIIVEIT coke ISOTHERMAL BLOCK EVENT COUNTING 
AMPLIFIER * 12- AND 16BIT DA » GPIB CONTROL 
CONVERTERS 


Find out more about the Series 500, or discuss your particular 
application with one of our engineers. Just call our Product 
Information Group today at 


1-800-552-1115 KEITHLE Y 
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LT Q) ki ALI 


Quality, others promise, we deliver. The fact 
weve already delivered over 3,000,000 color 
EI monitors. is the best proof. Tatung also 
| makes a full line of computers and 
peripherals. Our reputation for superb 
quality is well known around the world. And 

we deliver complete after sales service to vou. 


TCS 8000 
5 MHZ, O WAIT - STATE — 
? BIT, EXPANDABLE 16MB Mi 


m 


IBM VGA'"", MCGA" 
PGA, EGA, CGA 
AT&T" PCs 

APPLE IIGS™ 
MACINTOSH II™* 


14^ Color Monitor * 
RES: 800 x 560 * 
4 MULTI-COLOR MODE X 


12" Mono Monitor | 


TCS 7000 TCs 7000 M OMNISCAN Pi 
6, 8, 10, 12MHZ Y uu xv "w x 
Bp nea Pt 4 

TCS 4000 (610mHz) - E 

EQUIVALENT OF 5 EXPANSION SLOTS » 
COMPATIBLIITY: » 

ES 

» 

x 

»* 


COLOR MONITOR BMONO MONITOR 
MODEL RES. MODEL RES. 


CM 1322N 640 X 200 MM 1222 800 X 350 14" DARK - TINTED 
CM 1370A 720 X 400 MM 1422 800 X 350 ANTI-GLARE FLAT CRT 


CM 1380F 640 X 350 MM 1295 800 X 560 ia a UAnES 
CM 1495 800 X 560 


TERMINAL 


ET- 10 SERIES 


RES: 800 x 560 


* ALL TRADEMARKS ARE PROPERTY OF 
THEIR HESPECTIVE MANUFACTURERS 


Circle 485 on Reader Service Card Hkk kkkh 9.5: 


ATATUN( 


TATUNG SCIENCE & TECHNOLOGY INC. 


slaioipiaieiatdlaleigie?ote KKKKX 


408-435-0140 


780 CHARCOT AVE. SAN JOSE CA. 9513 


VAR DITRIBUTORS. OEM 
NQUIRIES ARE WELCOME KN 


WHAT’S NEW 


M I —_ OCC 


Includes an introduction to 
Q5/2 and examples of pro- 
gramming techniques like pipe 
creation and using protected 
mode for running multiple 
processes. It also provides 
information on OS/2 data 
structures, ANSI escape se- 
quences, and V/O control 
functions, 

You invoke the program by 
pressing a hot key. [t then pre- 
seris you with a menu that 
provides expand and search 
functions; and kernel, tables, 
and reference areas. Each cate- 
gory includes a list of short 
entry descriptions, Once you 
find the appropriate short en- 
try, you can open its corre- 
sponding long entry. 

With the options menu, 
you can set screen colors, 
change the hot key, de-install 
the instant-access program 
from memory. and invoke the 
auto-lookup function, which 
enables you to automatically 
search for what your cursor is 


a 
square 
peg 
does 
fit a 


roundhole 


on when you invoke the 
program. 

The Norton On-Line Pro- 
grammer's Guides to OS/2 
Kernel API enable you to 
create your own cross-refer- 
enced databases with menus 
and expandable entries. 

The program runs on the 
IBM PC and compatibles with 
MS-DOS or PC-DOS 2.0 or 
higher or OS/2 (in the DOS 
compatibility box). A version 
that runs in OS/2 native mode 
is also available. The pro- 
gram takes up 72K bytes of 
RAM. It comes on both 34- 
and 5 '&-inch floppy disks. You 
can purchase it with or 
without the Norton Guides 
Engine instant-access 


program. 

Price: $100 without Norton 
Guides Engine; $150 with 
Enginc. 

Contact: Peter Norton Com- 
puting, 2210 Wilshire Blvd., 
Suite 186, Santa Monica, CA 
90403-5784, (800) 451-0303, 


Converts Incompatible 
Formats To Standard IBM-PC 
And PS/2 Compatibility 


ow anyone can move important data and costly software 
from 5S'A" IBM-PC format to 392" 


hardware connections. 


You dont have to wire anything, program anything or understand 
anything about either type of computer, 


diskette and a blank 342" 
buttons. It's that easy! 


PS/2 format without any 


Just install your 5'A" 
diskette in the Copi» Riter and press two 


ext. 40; in California, (213) 
453-2361. 
Inquiry 824. 


Stackware Provides 


Videodisk Links 


he Voyager Company `s 

Laserstacks are among thc 
fiist io take advantage of 
HyperCard's capabilities as a 
front end to large databases. 
A Laserstack turns the still 
photographs and motion pic- 
tures on existing videodisks 
into visual databases. 

The hub of the series is 
VideoStack, which enables you 
to develop interactive video- 
disk applications with Hyper- 
Card. It provides more than 
35 buttons controlling different 
functions. It allows you to 
automatically install video 
drivers into any HyperCard 
stack, define video events, and 
automatically activate the 
events. 


data 


The Copi»Riter can also collect data from non-IBM systems with RS-232C 


or Parallel interfaces and save it in IBM compatible format. Write or phone 
MECA today for specifications on the Copi«Riter and our other versatile 


storage devices. 
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56677 Sunset Ave., NBU 84i 
Yucca Valley, CA 92284 


The National Gallery of 
Art Laserguide is designed io 
work with The Voyager Com- 
pany's National Gallery of Art 
disk that contains still photo- 
graphs of the permanent collec- 
tion on display at the Mational 
Gallery of Art in Washington, 
DC. You can organize works 
of art and present thern accord- 
ing to artist, nationality, 
school, and other categories. 

Laserguides are also avail- 
able for Voyager's Vincent Van 
Gogh and Bio-Sci disks. 

The Laserstacks series 
runs on the Macintosh Plus, 
SE, and II with HyperCard 
and a videodisk player. 
Price: VideoSiack, $49.95. 
National Gallery of Art Laser- 
guide, $49.95; Vincent Van 
Gogh Laserguide, $39.95; Bio- 
Sci Laserguide, $99.95. 
Contact: The Voyager Com- 
pany, 2139 Manning Ave., Los 
Angeles, CA 90025, (213) 
475-3524. 
Inquiry 825. 


NNNNN 


a 


(619) 565-7686 
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MICROMINT’S Gold Standard in Single Board 


BCC180 — $395.00 


MULTITASKING CONTROLLER 
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Serial Digital Imaging Satem 
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Computers & Controllers 


BCC52 —— $199.00 am, + 
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Furopean Distributor: 
IB. Designs 


Cirencester, Glos, England 
Ted: 0285-68 129 


Manufacturer Representatives: 
Access Technology 
Placentia, CA 92670 
Tel (714) 906-3017 


Microfuture 
Fremont. CA 94538 
Tel: (415) 657-0964 


[T a  —-—- 44 3 
To order cali 


1-800-635-3355 


for technical information 14263)-87 1-61 70 
TELEX: 645351 FAX (203) 872-2204 


Micromint, Inc. 
4 Park Street 
Vernon, CT 06066 
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$1995 


(List $2829) 


LTI BEATS TOP ATs IN PERFORMANCE TEST! 
€6The LTI is ideal for running large spreadsheets and maintaining large databases. 
The LTI is also well suited for running computer-aided design (CAD) programs. 


Not only is it one of the fastest ATs we've reviewed, IT IS ALSO ONE OF THE 
MOST AFFORDABLE.?? — PC RESOURCE Nov. 1987 AT Comparison Tests 


Upgrade your present PC, XT or AT with our 
0-wait-state 7.2, 8, 10 or 124% MHz motherboards 


GAIN 820% TO 1530% SPEED INCREASE. 
Prices start as low as $259! 


Circle 468 on Reader Service Card 
e 30 Day Money-Back è 1 Year Warranty on Systems 
Guarantee Systems, ATIC. — «2 Years on Motherboards 
9205 Alabama Avenue » Chatsworth, CA 91311 » (818) 341-4227 e ORDERS ONLY, call 1-800-872-2898, In California 1-800-438-2898 

PC. XT, AT ate Vadamarks of Inarnationsl Guana Mactenet Coro 


With Map. ==, All These Ways To Map Your Data... For $750* 


cm oues D Lus ud 


Database. For any point, call to the Label Points. Pick any field In your — Boundaries. Town, county, zip 


Pin Map. Mapinfo can find 


addresses and plot your entire screen all the data behind the point, database to label points. available. Or draw your own — e.g. 
database on maps with detailed You specify the fields. Or use sales territories — and display the 
street information. dBASE Ill files. data within the boundaries. 


Thematic. Shade boundaries — Magnify. As close as 52 ft. across — Ultra Dense. For multiple occur- | Zoom Out. As far as 5,000 miles! 


ours or yours — based on flelds you the screen. For dense databases rences at a single point, display a — See your data across your city or 
select from your database, or the or to See details. count of all the records behind the the entire U.S. 
number of points found inside the point. 


boundaries. 


Lagta mibe co at Becr er EM homm 


Tha U.S. Assign data to State Counties By State. The boundaries Highways. Overlay on local, state, By Town. Display your data by town 
boundaries. States may bé auto- are already available. Simply load or national maps all state, national or boundary. Ideal for charting 
matically shaded based on data — your existing data. or interstate highways. territories and analyzing sales data. 
within. 


No matter what your 
application, if you need to 
display information on a 
map. MapInfo can do it. In 
more ways than you've 


imagined possible 

on a PC. A 

Runs on IBM PC or 100% Highlighted Straats. Gives a nice, — Customized Graphics. Add your own Draw Your Own. From floor plans 
compatibles, with 640K memory, Clean appearance to your maps for — titles, legends, and text. to organization charts, use Mapinfo 
a hard disk, and graphics capability. formal display. for visual database applications. 
*Mapinfo costs $750 for the software 


System. Maps tor hundreds ol metropolitan Led ie 
areas across the US., complete with streat M a ifa O r 
names and addresses are also available 2. na A f ES 


starting rom $250. Maps of individual stales 


With county lines, highways, oF avery town 200 Broadway, Troy, NY 12180 
also availaDie, starting trom $95. l 

To order, call 1-800-FASTMAP (that’s 1-800-327-8627) 
Com RASE II 18 auem AR THE In New Yorh State, call 1-518-274-8673 (Telex 371-5584) 
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Those fantastic Byte covers—and boy, 
do they look great on this stylish, 3a sieeve 
T-shirt from Robert Tinney Graphics! 
The colored sleeves and neckline vividly 
, complement the full-color design. 
And don't mistake this for a rubbery 
patch that cracks arid peels off after 
afew washings. This is true four- 
color process: the permanent inks 
are silk-screened into the fabric, 
resulting in a beautiful, full-color 
image that lasts! 


You'll also appreciate the shirt itseit: 

a heavyweight cotton/polyester blend 
which combines tough washability with 
the cool, soft comfort of cotton. Each 


nections 
wtetigent P677 ts 


Ë —À E Byte T-shirt is priced at only $12.50 
f pape ($11.50 each for 3or more). Be sure to 
— 7 include shirt size: C—(child 10-12), S— 
TWONEW / (34-36), M—(38-40), L—(42-44), and 
DESIGNS! XL— (46-48). Most orders shipped 


within a week. 


#T4—Future Past 


#T2—Softwere Piracy 


e 
A 


,TS—Braskihroughn 


lI rcummacdch eda ard ex. Rc wea... d 


Send lhe following T-ahiris(a) at $12.50 each, or $11.50 each for 3 or O | have enclosed U.S. check or money order 


more. | have included $2 lor shipping & handling ($5 overseas). mail this coupon to: 


O C.O.D. (vla UPS—siateside orders omy) Robert Tinney 
[] VISA C] MasterCara  [] Amencan Express Graphics 


Card #. —. 1864 North Pamela Dr, 
Baton Rouge, Louisiana 


Expires: Sightture: eae eamm 70815 
p American Express orders, 


| 11,LBG4qgMeMe———————— or tor more Information 


(Business) _  |— — | | ^ Cal 1-504-272-7266 


>E 
Shipping & handing (sao above) ne 


Please send your COLOR brochure TOTAL p nr . . — | —. 2x 


E 
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— ENGLISH SPEAKING (MO ICONS? 

FULL-SCREEM EDITING 

DYNAMIC ZOOM (4X or SX magnification) 
EXTENSIVE AIRBRUSH CONTROLS 

SMALL COMMAND (reduces files 50 to 907) 
AUTOMATIC PAN (page mode) 

AUTOMATIC COLOR SMOOTHER MODE 

SOPHISTICATED SLIDE SHOW (u/dissolue-naker 
KLATE UTILITY (translate between resolutions 


34 FONTS (with over 25 control combinations 


One Picture Is Worth A Thousand Words! 


Step up to state-of-the-art in EGA graphics generation technology. Our 2005 version is not just 
another paint program or another version of the “same old thing? EGA PAINT 2008 is a 
complete restructuring of our 2001 program (itself the recipient of the PC TECH JOURNAL 
award for excellence in program design). We believe the end-user comes first and instead of 
merely patching on more features (as all the others do) we wentto a whole new (much easier and 
faster) way to create truly startling business presentations & EGA color illustrations. Take 
another look at some of our features (some of which are available only on programs costing 
hundreds more) and decide for yourself. 


All this and more for just: 


Also available from RIX: $99 .00 


EGA SCREEN ENHANCER ORDER NOW! 


This easy to install device enables older EGA cards to utilize in CA - (800) 433-3903 vut CA (00) 345-9059 


EGA PAINT 2005 in 640x480 & 752x410 resolution modes. 
Our ESE comes complete with a special test pattern diskette 


for only $49.95 (+ $5.00 for shipping and handling). RIX SoftWorks, Inc. 
18552 MacArthur Bl. Suite 375, Irvine, CA 92715 
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IRWIN @ ARCHIVE 


DESKTOP 
PUBLISHING 


mire CXROTEOn 
Tor Above Unit Mack) "89 


Destiny Loser Acti | SME 
Trop & Fonts 


MONTTORS 


Amen 310A TT Ambo: 


Panasotuc Mono Monitors (een 
Punceton Li4$300 Pull Screen 
Princeton S&-) 2F PGA 

Sony Mulliscan CPD 1301 


"595 
CALL 


CAD/CAM 


WES, 
PLOTTERS & DIGITIZERS 


Hitachi Li x 1) Tibur 

Roland DXT-990 «m Cagrial Display 
Houston Instrument DMF.29 
Surnumaskeicty 120) pa 5 syhu 

HF Fiats 7475A 

Calcomp IMI ST Pioner 

IDI. 8650 Gl » 


Foriapbe 336-100 


PS Model X) 2 
Pod Model X). Z0MB & 
P572 Mode! 50 SOMSA 1FDD (1 AMB) 


386 SYSTEM 


rk: 
346 Tower 


Special | Ine! SBC. 386 AT 
maha boond desktop cabai 
lloppy dnye keyboard Western 
DIngntal dugi conirol)ar "AMO 
Speck l mwan 346 

mahe boar camila to inie 

SEC HAAT deskiop cabinet 
loppy dive keyboard Werat 
Dupe! duai conteaiies "2440 
Speci] 3 Taiwan motheibood 
PICEA maar Lo Speci i 
excepi towel cakana 2886 
Specidi4 Tarwan 25 MN IA 
Tower Copingt eges 2 Mit 
oünbodid 2AM werpandabis lo 6 
MByte 13180 
Additional Accessories 

Intel 3 MByTIE 34 Ent RAM ood 
intei 8 Mg Ye 32 bit RAM board 
Toran 2 MByte 32-Di RAM Pood 
Tawan 6 Mayis 34 Dit RAM board 


Poa Moda! 80. 40M b 1 FOT 

Monochrome Z'Ficy 6505 

Color a Play 5512 

Color V GA 3/Plar 8513 

Color GA wPicy 5515 

: vg Expanded Memory Adaptel 
* External Drive wi Adapter 


Inu 80387 16 math caproceaor 
inu SBC Js AT has SO doyslac waranty 
Taiwan Hb has $ year iac warnanty 


bony bMhulimcam TV Menmaiios EVI3IICE 


CHER è JYIJL è JLVDVES © VLHNW è ABIHDSINIW 


“= «= (213) 474-3764 @®} 
800-553-3339 in CA orders only 


QUALITY MICRO DISTRIBUTORS +-800-MIGRO 88 642.2809 in US. 


Wesi Coast Office 13651 W Pico Élwd., Los Angeles, CA 90064 — For Technical Servica Call Watson Ling (213) 470-8073 — East Coast Office 513 Post Ave. Westbury, NY 11590 1-000-358-2444 FS 
MAXTOR € LOTUS è ZENITH è AST € NEC è HP è COMPAQ è IBM ind 
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ALTEC ZIP-386 
$2,265 


* intel 80386 mecroorocessor 
* IM high speed memory instore] 
" Expandabie to iÒ MB 
* Phoenix 388 8108 o Award 386 BIOS 
* 4 spend id 77/6/8/16 MHr) 
" 200W powt supply 
* Case wilt nie se] Butlan 
* Ennancid kay board 
* Mawel deskiflopay disk controller cari 
* 1 2M l'oppy disk dria 
* Monochrome; Graphics 
Card with prinler pori 
* HPAES Monochrome Monitor 
* Uses manual 
* 1 year warranty 


ALTEC-286 Enhanced System 


$1,135 


* iolel BOZA- tÒ microprocessor 
> IM RAM 
" Gua) speed 6/10 MHz 
' 200% power supply 
* AT style case 
' Enhanced keyboard 
' Hüte disi/lloppy deh cóntrodpr catd 
' 128 Nepoy disk drive 
* Mornochromal Grape 
Card wiih pemg pori 
* HERES Mouochioime Monitor 
> Uaer's manual 
` 1 yam wesranty 


Fi amm 


AAA) E: 


ALTEC-XT Turbo System 
$ 575 


" 8088-1 microprocessor 
= 4.77710 MHz * [M RAM 
* 640K RAM " = Z00W pisi 
" 150 power supply : | - Lr 
* AT style keyboard * AT Ete Kay board 
* Mulli UO cord . ] 
* 380K lioppy disk dite a 
* Mpnochunmes Grants * 12M fogpy Hak det 

card wih ornter port ! Monarhomeo Graphics 
" HERES Munpocte ome Manitor card with printer pori 

* HAES Mongchume Monitor 


ALTEC-286jr System 


* (mai £0285- 10 microprocessor 


O cam 
NUNT 


* User's manual 
* j| peal waranty 


RC Av | ADD = ordi pt ipo 
tam bye pme "y ALTEC Technology Corporation Lu 
a me qu qu 5751 Hickenbacker Road, Los Angeles, CA 90040 —À— 
—— — r Tel 1-213-888-9100 Ks drea orev iq 
-L——4*-- Order Desk: 1-800-255-997: mma eT 
TIT EK: T° 55-' 1 
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LaserJet font Nirvana. 


Witness a LaserJet miracle. 

Glyphix generates a dazzling variety of 
downloadable fonts from a set of four flexible 
typeface outlines. 

Working with your PC, Glyphix makes 
creating a font as simple as picking an effect 


from a menu. Select sizes from 6 to 60 point. 


Choose trom 14 different weights, Portrait or 
landscape. Condensed. Expanded. Slanted. 
Patterned. Shaded. The possibilities? Mil- 
lions of them. 


Microsoft Word, WordPerfect, 
Glyphix and our font managers: 
a match made in heaven. 

Let our font managers free you from the 
Purgatory of using fonts with Microsoft 
Word® and WordPertect®. Sorting through 
PRD files and printer drivers is a thing of 
the past. 

Our managers build fonts right into Word 
and WordPertect, giving you the freedom to 
change font as often as you like. Best of all, 
the font managers use Glyphix tó create and 
download your fonts automatically, liberating 
megabytes of disk space from lont storage. 
With a Glyphix font set and a font manager, 
you have an army of fonts at your fíngertips. 

H you're using Aldus Pagemaker* or Ven- 
tura Publisher*, you're ready to use Glyphix. 
(Any package (hat can read HP soft fonts 
can manage Glyphix fonts.) 


Amx 


SUI 


Software with capabilily. And credibility. 
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Or your $9995 back. 


GIXPHIX 


Bitstream 


romsrwrom — [YES | NO 
(ront soaua — [YES | No 
[occneesorsoxo — [2 |2 
[parrenweo rowrs | NO | NO | 
Tre To creare so ponr ront | 134 | — 
[mcs jsroseo [sane 


Let the Glyphix Basics lead you through the pearly gates. 


The Basics is a collection of four Chancelor is a decorative face 
typeface outlines, each representing that reflects a cursive handwniten 
one of the major lettering styles. look. And rounding out the tamily 
Homan, our version of Times is Rockland, a versatile square serif 
Roman®, is a classical serif face that font that commands attention in 
has become a standard for body headline and body copy. 
copy. Helvette, our version of The Glyphix Basics. The Glyphix 


Helvetica*, is a modern sans serif Font Managers. Products that give 
face designed for presentations and = your documents a look of celestial 


ORDER TOLL FREE: 
(800) 237-9383 


IN DELAWARE CALL (302) 733-0956 


Include $5.00 shipping and handling for one item. $2.50 each additional 
item. Mail orders to SWFTE International, Bax 5773, Wilmington, DE 19808. 
Money back guarantee is extended for 30 days from the date of sale. 


| —T———————r "rrr CU 
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headlines. beauty. Order yours today. 

prc E——E—E-4E.—- —— MOOR —— 
Take me to Heaven! 
LI Ae ny a Ay ne Glyphix Basics: 
' E Send me your MS Word Roman l 
l Font Manager for $79.95. , 
: Au me ro ede Helvette 1 

anager for $79.95. 

i [ | Send me a catalog of all Chancelor | 
i the Glyphix type Rockland i 
r collections. i 
| Name. | Telephone M 
| Address I 
po Cy _..... — ——— Site 1 " 
i i 
1 1 
I d 
| i 
n i 
Í i 


Unbeatable Prices* 
(*Includes tablet, controller, 
and stylus or 4 button cursor.) 
11 x11...... $599. 
Mx .—*. $839 
17x24 ..... $1999 
20x20..... $1999 
24x36 ..... $2899 
86x48 ..... $3499. 
All sizes available from stock. 

| 
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" — 
DIGI-PAD PC brings high performance and low 
cost, without the clutter, to your CAD workstation. 


Totally New Concept in Digitizers 
That Offers You 
9 Unprecedented Benefits! 


_DIGI-PAD PC" 


1. Lowers The Cost Of Digitizers, 

2. Eliminates The Power Supply 
& RS232 Cable And 

3. Features A New, Lightweight 

Tablet Design. 


The New DIGI-PAD PC Controller goes 
inside your computer, replacing the RS232 
cable and the external power supply. 

SAVE Up To 33% | 

GTCO's new PC compatible digitizers are as 
little as ?/5 the cost of competitor's tablets. And 


they're available in 6 popular sizes, from 11 x 1 
to 36 x 48. 

Their lightweight design allows mounting tt 
a variety of pedestals, tilt stands and wall 
mounted brackets. 


Call us to enhance your system with . 
DIGI-PAD PC. 
Circie 469 on Reader Service Card 
G/GTCO Corporation 


7125 Riverwood Drive, Columbia, Maryland 21046 
Phone: 301/381-0668 Telex: 608471 Fax: 301/290-9065 


com 
pecou” 


des" 


S o wor) à 
d S “ye ourton's 


Here || is. You wont find software that's easier fo use: 

* Requires no accounting knowledge 

« Completely menu-driven with on-line help 

* 93-page fully indexed tutorial manual (on disk) 

A Proven Track Record. Hard fo believe the $16 price? Dont 
worry, MoneyCounts® has been marketed for three years and 
is continually receiving rave reviews. There's no catch. This is o 
fully functional system thot compares with products selling for 
599 and more. 

Same-Day Shipping. Order today and own MoneyCounts* for 
only $46! Add $3 shipping and handling (outside North America 
add $7). lowa residents please add 4% sales tax. Send check 
ar money order payable to Parsons Technology. VISA and 
MasterCard orders welcome. 


Circle 476 on Reader Service Card 


S i 
Cara & COD orders call: 


| Fae _ MONEY | 
|E n. COUNTS | 
| 
| 


373 Coline Road NE 516 + $3 Shipping | 


| MoneyCounts* requires IBMior compatible computer | 
i with two disk drives (br o hard disk arve). 192k or more | 
memory. DOS 2.0 of taler ond printer 


| Gity/state/zip 


| 
| 
| 
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SURAH a computer company...Where Quality Counts. . . SURAH 


WHOLESALE outlet direct from factory LOCATED in the Silicon Valley SERVES thousands of Satistied Cutomers 


SPECIAL EGA 
Upgrade 
P MONITOR + EGA Card 


$500 


286 AT 


IBM AT Comparible IBM XT Compailibli 

8/10 MHz - 16 Bits — 80288CPU 4.77110 MHz — B Bits — 808BCPU 

512K AAM on 1024K Mother Board ——ASL— 258K RAM on WOK Mother Board 

1.2M b Ficbpy Orve with Controller T s TFP One 720K Floppy Crive with Controller 
TURBO & RESET Push Buttons P COPI UC W . 


Baby AT Case with Lock & LEDs 
CLICK AT Style Keyooard Standard 64 Keys AT Style Keyboard 


286 Premium 
s842 FM] 5390 
| 286 Prómium Model B0 + A0Mb HD .. $1798 
388 Premium 20MFZ SCALL 


6/8/1012 MHz . Call for other MODELS/upgrade options 
SYSTEMS also AVAILABLE 


saras LOMPAG 


612 Mit AT Sysiemaespen of 6 10 MH z 
&/A/ WATE Mi (d Set AT Syste SEO MME, 286 Deskpro | im — 
20b Hart Dove (5T225| instalan YT Grm 15 $1825 Tc : Z= Hi: 
Fkb Hard ra (51225) vilem AT Gira 12MHz Model 1 ! € -' tr 
Rp Hand Drv (ST 45:1) NSUN AT Om 286 Portable Modo! 40 $4350 ! 
Bak RAM Lngracis io Sa RAM 1:07 386 Deskpro 20M Hz CALL 
812X RAM Upgrade ic 1024. RAM. 120 Call for other MODELS&/uparade aptions 
1 iMate Peasy re. 

TA sono Pappy Ore 

Wits AT Sve ks aara —. 
I/GUTHUT Card Molino FC, CC. SP PP GP 
Manyara: Card + 177 TAS More MOMITOR AM CA 
Cogan Card 14. AOA Coo MONITOR 


EL 


rhe 386 orignale’” 


18 MHz — 32 Bits — 80386CPU 
14b RAM on 2Mb board, expandable up ro 184b 
t.2940 Floppy wiih Floppry/Mard disk Controle 


ü | | 2 Sertal & 2 Paralia! Parte off Mother Board 

^ s E | EGA Adapter bulla on System Board 

R^ " Supporis VGAO4O0*480 Graphics, 

286 AT 10MHz CGA. MDA & Hercules emulation 

PRINTER your Cronos ior UN LOW Pres Model 1800 $995 Standard B4 Keys AT Style Keyboard 
Various Style Cases Available : 


Front Panels May Dilla in Some Cassa Microenhancer Video Card $125 $ 
) 40Mb TAPE BACKUP CALL | 
48-Mour * F Li L L Cal! for other MODELS/upgrade oplions 
wo Durer tt Tipi 


fut ecawens "n A R R À N T Y € HEWLETT see OTHER OPTIONS lor Upgrades 


Other Famous Brand PA CKARD 
PRINTERS, MONITORS, PERIPHERALS HP Laserjet 679 
ADD-ON-CARDS and SOFTWARE Printer Series i 91679 
also availaite 


ep € ee AA ot be te 
ASA SRR 


EB 


Full Software € ompatibili ty 


RUN any, DataBase, CAD, Accounting. Desxtor 
Publishing, Word Processing, Spread Sheet, Net 
HP Scanjet Desktop Scanner $1152 Working and other Similar Programmes. 


HP Graphic Platter 7475A $1516 


, | tome LU CEN E Call for othar MODELS/upgrade options 
# i \pple DEALERS-OEM-GOVERNMENT 
e | SCHOOLS - UNIVERSITIES & 
Apple MAG || 


with 40Mb Hard Drive . 39 7d EXPORT P/s2 Model 50 


. Apble MAC Plus $1670 a INQUIRIES WELCOME with 20Mh Hard Drive $2690 
Apple MAC SE with 20Mb H/D $2712 _ -Ó—— — — P. P/52 Modet 30 — 2Floppy Drives £1270 
Appie IGS Wit M Pr At As! o» u P/42 Model 30 —20Mb Hard Drive, . $4724 
bis ! : i Pí52 Medel 80 —44Mb Hard Drive $3894 

Call for other MODELS/upgrade options free eee te _ Call for other MODELS/upgrade options 


G UR -i H i | L OPEN SuSa i S3 zm 
| | ü PHONE © 800-543-1001 


FREE 
45461 Fremont Blvd., Suite #9, Fremont, CA 94528 NOW nca KEH E 
Telex 5106017247 (ab) SURAH UO N cow 1415) 651-5101 
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e Free Radio Watch $19.95 Value « 
Buy 2 boxes of Janus diskettes at $14.95 


AST PREMIUM/286 


e 80266 Processor 

* 12 MB Disk Drive 

* 40 MB HD 

* Enhanced Keyboard 
* Monochrome System 


:2249 


MONTHLY LAPTOP SPECIALS 


NEC Multispeed EL/20 MB ............. 
Toshiba 1000/1200/3120 w/2 MB HD 


IBM Mono Adapter ............... 
AST Six Pack 64K + Sidekick ...... ids 
AST Advantage Expansion Board for AT 
|| í1'.. a E 349 
Vega Board by Video 7 Deluxe. ..... 275 
Hercules Graphics Plus ........... 190 
Hayes 1200/24008 w/SW ..... 349/389 
NEUEGA. ete oorr 30 
Migent Pocket Modem . . ei ease 159 
Everex Evercom 1/2 card 12008 2 90 


Everex Evercom Ill 2400B ......... 200 


DTICCM 


Plus Developrnent Card 20/40 . .*'588/899 
lomega Bernoulli Box IMS Disk Avallable 


| NC Hard Diska d 
20MB/30MB/40MB ,,,,,..'259/369/589 
40/B0MB Hard Disk tor AT ....699/1099 
20MB/60MB Tape Back-Up.....599/799 
120M8 Hard Disk .......... sse 2600 
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VOLUME: 


EXPERTISE: 


ATTENTION: 


THE VALUE LEADER IN COMPUTERS 
SELECTION: We stock and sell products made b 


largest and most trusted names in 
Printers and Software Manufacturers. 


Since we have multiple locations and our overhead 
is low, we buy and sell an incredible volume. 


Since we deal exclusively with EPSON, TOSHIBA, 
COMPAQ, IBM, we get special factory training 
giving us the know how nobody else has. 


Qur job is not finished unless you are satisifed. You 


must be nappy. 


and get a digital watch and radio free 


d" MACINTOSH ™ 


1 Floppy 20 MB .2799 
e MAC PLUS 
+ Apple Laser Writer . In 
Stock 


22225 , 1599/2450 IBM PROPRINTERS 
'875/2450/3199 
IBM AT 339K ............. ecaa e 3399 
IBM Sys 2 Model 25..,....., 945/1190 
IBM Sys 2 Model30 ... .... 1275/CALL 


IBM Sys 2 Model 50 10 MHz, 20 MB 2624 
IBM Sys 2 Model 60 10 MHz, 44 MB 3499 


IBM Sys 2 Model 80 40770 ....... CALL 
COMPAQ Port 2 Dr ...........ss. 1545 
COMPAQ Por Il 1 Or/20 MB ...... 2899 
COMPAQ Port Ill 40/20 .......... CALL 
COMPAQ 286 Desk Pro 12 MHz ...1949 
COMPAQ 386 Mod 40/70... 4499/5499 
AST Premium 

All Models Available ........ Best Price 
Lotus 1-2-3/Hal/Metro ... *309/120/B85 
BERBEDIN de omoi ueneno 410 
Framework 2. ..,....... i ». 985 
D Base Il .. ...,... — 395 
WordPerlect 4.2 ............ 219 
Microsoft Windows ........... ..69 
Microsoft Excel ... .,..... > CALL 
Xerox Ventura Publisher 499 


the world's 
omputers, 


NOW HERE-IN 
STOCK 


LOMNMPAL 386 


20 MHz SYSTEM 


Lmt. Quanties Available 


— — z 


MONTHLY PRINTER SPECIALS 


TOSHIBA 

"599/840 321/341SL.,...., .°499/785 
Aldus Pagemaker...........-... 485 
Multimate Advantage ll. .......... A46 
Ability/Enrich by Migent,......... LOW 
Okidata 292/293 ..,,........ 425/598 
Epson 850/1050 , .....,... .. BDABITAS 
Epson LQ800/1000 ..... T 469609 
Epson LAS6/FX85 ..... ooo 199/349 
Epson EX800/1000 ........... 498/649 
Epson LO2800 ,.......e, esee 1099 
Epson FXBGE/FX286E ..... 359475 
IBM Proprinter Il ....,.......--. -1.399 
IBM Quietwriter Ill. 2.0... eee 1299 
NEC Laser Printer ...............3895 
HP Laser Jet II THTHTEREETIT .1899 
IBM Color Monitor 8513 PS/2 ...... '512 
IBM Mono Monitor 8503 PS/2 ...... 200 
IBM Color Monitor 8512/8519 . 485/1196 
Princeton SR12P ...... — CALL 
NEC Multisyne Il. .... 1... csc e eee: 576 
Sony Multiscan ...... T reeves O29 
Amdek 410A/422 ......... S 159/469 
Samsung RGB/EGA.,........ , 209/360 
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on these new computer books and software from McGraw-Hill 


CALL TOLL-FREE 1-800-2- MCGRAW 


INTRODUCING PC-DOS AND MS-DOS 


By T Sheldon 374 pp., illus., softbound Find out about 
the free advanced capabilities of DOS and how lo use 

them ‘Wonderfully enlightening . . . well-writlen . . . my pick 
for technical book of the year" —Online Review 056559-7, 
Regular Price: $18.95. Your Price: $16.10. 


INTRODUCING UNIX™ SYSTEM V 


By A. Morgan & H. McGilton. 480 pp., illus., softbound 
Guides you step by step through the facilities, commands, 
utilities, and applications of System V, AT&T's new version 
of the UNIX operaling system. 043152-3. Regular Price: 
$19.95. Your Price: $16.95. 


UNIX" UTILITIES: 

A Programmer's Guide 

By A S. Tare. 640 pp.. ilus., softbound Save time and 
ettort with popular UNIX utilities! Helps you write efficient, 
bug-Iree programs and significantly reduce turnaround 
lime. 062884-X. Regular Price: $24.95. Your Price: $21.20. 


HOW TO BE A SUCCESSFUL 
COMPUTER CONSULTANT 

By A. A. Simon. 256 pø., ilus., softbound Everything you 
have to know to set up and run your own computer consul- 
tan (or soltware development) business, full- or part-time. 
No business experience required! 057296-8. Regular Price: 
$18.50. Your Price: $15.70. 


dBASE DEMYSTIFIED: dBase I/II 
Pius” Applications and Solutions to Real 
Problems 

By L. Barnes. 288 pp.. 120 ilius., softbound Covers the 
tul! range of dBase features and shows how to apply the 


various releases of dBase to real-world problems. 
003844-9. Regular Price: $49.95. Your Price: $16.95. 


BUILDING YOUR FIRST EXPERT 
SYSTEM 

By T. Nagy. D. Gault, & M. Nagy. 293 pp., book/disk (IBM 
PC and compatibles) How to easily create your own 
working expert system. A book/disk combination ideal for 
beginning programmers. 912673-1. Regular Price: $19.95. 
Your Price: $16.95. 


GETTING THE MOST OUT OF YOUR 
EPSON PRINTER 


By D. A. Kater & R. L. Kater. 224 pp., 170 illus., 
softbound The Ato Z of the popular Epson printer and 
how ta make maximum use of it, Covers the fyll line. 
0333B5-8. Regular Price: $19.95. Your Price: $16.95. 
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dBASE Ill PLUS" TRAIL GUIDE 
By H. Dickler. 350 pp., book/disk (IOM PC and compati- 


bles) Follow this step-by-step trail and learn dBase HI 
Plus in one week! With valuable programs you can modify 
and use over and over again, 912709-6. Regular Price: 
$29.95. Your Price: $25.45. 


A COMPREHENSIVE GUIDE TO Al AND 
EXPERT SYSTEMS 


By A. l. Levine, D. E. Drang, & B. Edelson. 256 pp., 99 
illus., softbound All about artificial intelligence and how to 
utilize ii on your personal computer. Gives you everything 
from basic concepts to sophisticated programming tech- 
niques. 037470-8. Regular Price: $19.95. Your Price: 
$16.95. 


MICRO-EXPERT 


By B. Thompson & W. Thompson. 74 pp.. book/disk 
Become an instant expert with the world's most widely 
used exper! system shell. includes its own source code so 
you can tailor it to meet your needs. "Highly recom- 
mendaed."—Online Today IBM PC (and compatibles): 
852109-2. Apple lI (all models). 852710-6 Apple Macintosh; 
852138-6. Regular Price (all versions): $49.95. 

Your Price: $42.45. 


For fast service call TOLL-FREE 
1-800-2-MCGR AW or use coupon below. 15-day 
examination period. 


WB. 
ei 
Enna 


Please send me—at 15% off the regular price—tha prod- 
ucts whose code numbers (ihe number betore (he regular 
price in above blurb) | have checked below. t understand | 
have 15 days for tree examination before | send payment lor 
Ihase producis | want to keep (plus postage. handling. and 
focal tax) and return any unwanted products postpaid 


McGraw-Hill Book Company 
PO, Box 400, Highlsiown, NJ 08520 


[]056559-7 $16.10 | 003844-9 $16.95 | |037470-8 $16 95 
Í1043152-3$16,95 | 912672-1 $16.95 T | 852109-2 $42 45 
[]062884-X$21.20 3 1033385-8 $1695 [| ] 852110-6 $42 45 
O 057298-8 $15.70 [!912709-6 $25.45 | |852138-6 $42 45 
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EQUITY I+ 
» 360K Fo 


= 20 Meg Hard rsk 
* 640K Ram 
sree ui AIT + Seral/Paralle] Port 
omes * Monochrome Cad 
+ Monachome Monitor 
MS DOS 


EQUITY I| PLUS -Gw sss 


* 12 Meg $1295 

. Hard 

Lan o 

= 80286 CPU EQUITY Ul ALL Configurations In Stock! 
, Eph Card j t — hs. NEW IMS Bernoulli Oval Speed 

« GW Basic e DOS 12 Mono Morita: MODEL "D t$ A REGISTERED TRADEMARK 
tn der ts: pmi perge, © Gran Cot E OF LEADING EDGE PRODUCTS, INC 
EPSON EQUITY is $2595 Aulhonzed Dealer Service Center 


exciesively soki on locelion. 


COMPAL 3 LAP-TOP 


Desk Pro 20 mag. PS/2 model 30/20 mag 

286 30 mèg. . PS/2 model 50/20 meg 2695 | Toshiba 3100-20 

386 40 meg . "d — PS/2 modal 60/40 meg .. ... ... Toshiba 1000 .. .... 

386 60 meg/20 MHz ... . PS/2 model 60/71 mag E NEG Multispead 26.0... 

Portable Ill 40 meg/20 MHz . . 5450 PS/2 model 80/40 meg ai NEC Multispeed EL... aaa, 
CARD & MONITOR EXTRA MONITO TRA 


WE STOCK CITIZEN TOSHIBA PRINCETON GRAPHICS AMDEK PC MOUSE IRWIN & ARCHIVE 
OKIDATA NEC SONY HAYES MICROSOFT MICE TAPE BACK 


HARD DISK. NS 


Seagate 20 me | , . 
Seagate 30 meg NOVELL PRINTERS 
Seagate 4038 


bar 
Seagate 251. . Aut = | | Epson FXB6E 


SOFTWARE | Epson ExI000 
j AST Epson LX800 
Epson LO8Q0 
Epson LQ1000 

AST 286 model 80......... 4495 Pie Lips ec ee 1295 
| Microsoft Works AST 286 model 120 ..... ... Epson L01050 


AST 286 model 140 
AND MANY, MANY MORE! CARD & MONITOR EXTRA HP LASER Il 


WE ACCEPT LC, CASHIER CHECKS, MONEY ORDERS, VISA, MC, AmEx 
3% charge on VISA, MC & American Express 


COMPUTER LANE 
A5, (818) 884-8644 "Ec 


CANOGA PARK 
% BLOCK W. OF TOPANGA 


CA 91304 
COAPORATE ACCOUNTS WELCOME Compaq is a Registered Trademark of Compag | 
CALL FOR VOLUME DISCOUNTS Prices subject to change without notice IBM is a Registered Trademark of International Business Machines 
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FAST As low a5 781s. average access times 
BIg Uo to 49 megabytes formatted storage. 


LOW POWER Just 10 watts total power 
consumption. This means lower operation 
temperatures and longer component life 


QUALITY Leprecards feature controllers & 
drives made by the biggest names in the busi- 
ness — Western Digital, Seagate & Miniscribe. 1 
year warranty & 30 day money Dack guarantee 
assure your satisfaction. 


FREE SOFTWARE including TakeTwo, the 
backup utility named PC MAGAZINE Editor's 
Choice two years In a row! 


GET IT FAST — FEDERAL EXPRESS standard 
add $10. 


MINISCRIBE SEAGATE 


JUMB/6GErra. sOMG/5EThE. 20&4/38mt SOM /28m: 
$539 $549 $509 $579 


Tandy 1000 Leprecards add $20 


PC/XT hard disks 

+ Drive & Controller pretested & formatted 

# Genuine Western Digital Short slot 
controser 

e X) page instalation guide & reference 
manual 

e Cables, mounting screws, full £ hal -height 
benzets 

e TakeTwo Backup Sofrware, PC MAGA- 
ZINE Editors Choice 

e 1 year parts and labor warranty 

+ 30 Day Money Back Ssatisfacpion Guaranree 


æ Optional. 150 watt, UL/FCC approved 
power supply $69 


Tandy 1000 kits add $20 


lakelwo 


"ye LN 


20MB kits 


« Seagate 5T225— 2414 MAGS rmis/Halfheogngu4 8 Watts 


30 MB kits 


+ Seagate ST238— 515 MESS msHalfhehutà 


40 MB kits 


» Seagate 5T251—42.:8 MB/HalF-HeightAT Watts 
* Preformatted mto à pav of 21MB partitions, 28ms. 


40 MD kits 


* Miniscribe 3650—42 2B Ha Hegn PB Wear 
s Preformatted into a par of 21848 partitions, &2rs 


65 me kits 


a Seagate ST277R—55.5 MaVvHalf-Herghty 
a Preformatted into a pair oF 32M5 partitions. 28ms. 


Watts 


a 300 oF 1200 bes speed 

a Hayes Smartcom I compatte 

s Line-Dusy detect and auto redii 

+ MIRROR il software 3 S69 Value! 
«Mace in USA by Franklin Telecom 

* year warranty 

1200 External with Mirror i $99 


768K mini ems 


» 768% Of 120n5 RAM 
s LOrus-AnreeMarosoft compatipie 
p backfill to 640K, remainder at 


«Short got card 
* " MB piggyback board option 5165 
» Pop-up window print soccer, and 

RAM disk software 
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2524B Townsgate Rd., Dept B 
Westlake Village, CA 91361 

TOLL FREE 800-722-AT-XT ¢ 
California 805-373-7847 


No extra for Visa/MasterCard 
Prices include UPS Shipping & Insurance 
30-Day Money-Back Guarantee 
Corporate & institional POS accepted 


2400 MNP 


* Hayes CompatiDie 

a 50001200/2a00 Steeds 

« MNP level 4 error correction 
(icreases througnput up to JO9 

s Automatic Adaptive EQualzanon 

Aone memory retains 
configuration 

« MIRROR I Software a 569 value 

* internal Fits m short dor 

s PO/XTIAT/PS2 Modem Cable $15 
ispecfhy modet 


s 9600 ops Operation 

a COTT Group 5 compatible 

» Send ASET or word processing Pies 
» Background receiving 

+ Unartended sencing & receiving 

+ Prints on Epson or Laserjet corn: 


+ Requites 512K, Hard Disk. DOS 3x 
& Hercules mond or color graphics 
adapter 


3%" Floppy kit 


Instant Laptop & P32 compatibility, All kits 
include bracket to mount in 3%" drive bay, 
black & grey Face plates, and mounting rails 
144MB XT kits Include replacement floppy 
controller that doubles the data transfer rare. 


Now included TakeTwo the backup utility PC 
MAGAZINE named as their Editors Choice 
Now you have a fast, affordable backup solu- 
tion that brings you media compatibility with 
the latest IBM PS/2 systems, 


720K Internal for PC/XT/AT, $119 
e Requires DOS 32 or optional $15 driver 
software 


1.44MB interna! for AT only, $149 
e includes driver software 


1.44MB internal for PC/XT, $249 

s Floppy Controller & cables with 500.000 
bit per second data transfer rate 
Supports two drives. 


External Case for XT kits add $99 


* EGA, OCA, MOA & Hercules 
Compatible 
« Short Car, 5357 tong 
s2yea Warranty 
= 640x460 resolution 
s 132-Cülumn Lotus '*2-& 
| symphony etc 
| 1e EGA4BO & NEC Multitync 
| $788 


modems filecard 4 l 


Controller 
+ XTREE, & Speedread Dak 
Softwane 


e TakeTwo Dacxunp software 
MIniSeribe Scripecard 32 for Tandy 1000 $419 


AT 
Aard disk drives 


a includes AT mounting rai, & data cable 

« Speedstor or Orffrack large drive 
software 

s Formatted, Partitioned, & Tested 


Model 3 Capaci 


HH Seagate ST251 40ms 42.8MB $439 
FH Seagate ST4053 2675 449g $599 
FH Seagate ST4096 28ms 80.2MB $888 
FH Micropolis 1535 28ms 71M8 $849 
FH Maxtor 1140 27ms 147M8 $1849 
FH Maxtor 2190 30m$s 150MB 52094 


Size Price 


Now You Have A Friend 
In The Computer Business: 


Authorized Autocad and Novell Dealer 
6 Good Reasons To Buy 


AST PREMIUM 286 
COMPAQ 286-12 LJ ER enka, ib See WYSE 286 System 
640K, 1.2 floppy, 40 MB Fast p] SDK RAM, L2 floppy, 40MB HD 
40 MB HD monochrome system mono monitor. DOS full monochrome system 
3.2, GW Base 
IN STOCK | Call for all IN STOCK! 
386/20 mhz AST products! WYSE 386/ WYSE Terminals 


LAPTOP SPECIALS LEADING EDGE COMPUTERS ACER 710/910 SYSTEMS 


NEW iFormerly Mullitech) 
5i2K , 20 MB 
TOSHIBA HD, 8/100 var sale 
T-1000 lull mono sysem 
$849 — 
IN STOCK! 
Model D Full Mono 5 : 
NEC Multispeed EL $1695 $1295 — Call for Best Price 
NEW! ZENITH 181/183-20 T mhi 
$1649 /2490 Authorized Leading Edge Dealer PRET machine 
We carry a full line of HP, IBM, Intel, Diconix products at best prices in town. 
SOFTWARE SPECIAL AUTHORIZED DEALER FOR Computown-Mountain View 
Word Perfect ———— .. eens 194 2455 M Old Middiefield Way 
Mieres V Word. ics » aa ERI Epson Corupulers & Printers NEC Mountain View, CA 94043 
Lotus 35 Canon 
f an tor anv softwar we deliver (fo wou m foit Universai Data Systems (415) 962. TOWN 
PRINTER SPECIAL x dL (415) 962-8696 
E ANI. eee ON i i 
Epon EX800/8000.—. ieee aaraa a ap ee EN Nem 
Epson LIQen0; Hx .. CETE EEEIEE ae — Autocad Venlprs , : 
eras eee AN STOCK ruina enun: Ha Aldus {PageMaker} ( oampulowrmn-SÓOan Francisco 
NEC P6/P7/2200 -.,. ss osos atavenszas — Lending Edge i ny le 
Tahia J "—"———"— v eian Bul 
HP fam fe or i T CALL pete Die. asant Hil San Francisco, CA 94102 
Med Rome nf rer (am ta meni. mre, eri m An T t. = MIURN (415) 956-TOWN 
. L | (415) 956-8696 
We Sell, Deliver, (45 634-8696 | FAX (415) 989-TOWN 


Install, & Repair 5" CATON 
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To 27 / million Americans, 
this scene is a fairy tale. 


That's because 27 million American adults 
can't read a child" s bedtime story, can't read a 
street sign, can't read...period. 

Functional illiteracy has become an 
epidemic, an epidemic that has reached 1 out of 
5 American adults. it robs them of a decent 
living, it robs them of self-respect, it robs them 
of the simplest of human pleasures. ..like 
reading a letter from a friend or a fairy-tale to 
their c iden. 

Tragic as that is, it's not the worst part. 
Because people like this could be taught to read, 
If we had more tutors to teach them, Sadly, we 
don't. Today, the waiting period for a tutor can 
be up to a year. 

You can change that by joining the a 
against illiteracy yourself. It takes no special 


Á 8 E » | 
Ad alition for Literacy 
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qualifications. If you can read, you can tutor or 
help us in countless other ways. You'll be trained 
to work in programs right in your own 
community. And you'll experience the greatest 
satisfaction of all...the satisfaction of helping 
people discover whole new lives. 

So join the effort. Call the Coalition for 
Literacy at toll-free 1-800-228-8813. Helping 
— so little. And illiteracy robs people of so 
much. 


Volunteer Against Illiteracy. 
The only degree you need 
is a degree of caring. 


SHORT TAKES 


BYTE editors offer hands-on views of new products. 


A New SideKick ‘ 


E xperienced SideKick users will feel like kids in a candy 
store when they begin using SideKick Plus. The program 
is so packed with features that Borland's biggest problem 
may well! be convincing current SideKick customers that the 
program is in fact a completely new program, not simply an 
upgrade of an existing product. Comparing the nearly 400- 
page SideKick Plus manual needed to document the program 
with the original 86-page SideKick manual underscores this. 

SideKick Plus (SK +) has a memory-resident Notepad 
(text editor), a Calculator, and an ASCII table. Although 
greatly expanded in capabilities, these modules, and many 
other SK + features, should bc familiar to current SideKick 
users. However, SK + also includes a disk organizer (File 
Manager), an outline. processor (Outlook), a calendar (Time 
Planner), and a full communications package (Phonebook). 
The program is modular in that you can customize SK +. 

To save on memory and enhance performance, ] set up my 
version to include only the applications ] thought I'd use the 


il = Erie 


Beers of tim lds a Mirck 


J= gz 


ee a 


most—File Manager, Notepad, Phonebook, and Calculator. SideKick Plus Requirements: 

Using a standard IBM PC with a Plus Hardcard 20, I focused $199 IBM PC, XT, AT, or 

on those features that I frequently use—the text editor and $69.95 for upgrade compatibles, or IRM PS/2; 

communications module. DOS 2.0 or higher, 384K 
There were two things that [ particularly liked about the Borland International bytes of RAM, and a hard 

SK + Notepad: the ability to have up to nine windows open ata 4585 Scotts Valley Dr. disk drive. 

lime, and the size of the files that you can have in each Scotts Valley, CA 95066 

window (up to 54K bytes). I loaded nine chapters of a project (408) 438-8400 

I'm currently working on (Ihe largest chapter was 49K Inquiry 859. 


bytes), switched from onc chapter to another (by pressing F6), 


continued 


SIDEKICK PLUS COMMAND SUMMARY 


File Manager 

Directory (for any disk or 
path}, Search (for files or 
text strings within files), 
Mark Entries (for further 
processing). Copy, De- 


lete, Move, Rename, Print, 


(change) Attributes, View 
(files), Prepare (format) 
Disk, Create Directory, 
Order (sort directories) 


Notepad 

File, Reformat, Search, 
Block, Insert, Delete, Go 
to, Marker, Options, In- 
sert Mode, Auto Indent, 
Graphics, Hard Tabs, 


Margin Release, Right Mar- 


gin, File 


Outlook (outliner) 

Line Spacing, Indent, 
Hidden Text, Attached 
Notes, Structured Output; 
also, all the Notepad's 
commands 


Phonebook 

Search (for entry), Attach 
Note, Edit Entry (uses the 
Notepad's commands), 
Insert Entry, Delete Entry, 
Communications (a full 
telecommunications mod- 
ule), Glossary, Print, Op- 
tions, New Phonebook 


Time Planner 
New Book, Search (for an 
entry), Insert, Edit (uses 


- the Notepad's com- 


mands), Print, (set) Alarm, 
Resolution (set appoint- 
ment book's increments, in 
minutes), Begin Day, End 
Day, Default Times, Go to 


Calculator 

Edit Tape, Variables, 
Functions, Memory, Block, 
Options, Type (of calcula- 
tor: Scientific, Business, 
Programmer, Formula) 


ASCH Table 

Control Characters, Edit 
Paste Buffer, Paste Options, 
Go 10 


Services 

Edit Clipboard (uses the 
Notepad's commands), 
Window Control, Copy 
from, Paste from Clip- 
board, Quick Paste, Set- 
up, Memory Sizes, Unload 
SideKick Plus 


Vogon Poetry 

A, just-for-fun item. In the 
beta version we tested, this 
command (from the open- 
ing menu) called up a 
game—a clone of Space 
Invaders. 
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edited them, and copied and pasted text without any problem. 
At the same time, I loaded the same 49K-byte file into 
WordStar 3.3, and I found that I could move around the file 
faster with Notepad than with WordStar, (Executing a Control- 
Q-C to get from the top to the end of the file took SK + about 
2 seconds; with WordStar, it took about 9 seconds.) 

The system Clipboard made it very casy to cut, copy, and 
paste information between SK + applications. A feature called 
Quick Paste, which bypasses the Clipboard, let me paste text 
directly to the current cursor position in the WordStar file. The 
Notepad also uses WordStar-like dot commands and Control- 
key sequences to support almost all standard word-processing 
features. 

The Phonebook is a powerful communications program 
that supports background communication, auto-log-on, 
scripts, and other advanced features. Its Learn feature was 
nice; I easily created a BIX log-on script by turning Learn on, 
going through the standard dial-up and log-oa sequence, and 
turning Learn off, I then edited the script to delete everything 
but prompt and response statements before finally activating 
it. It worked fine the first time. To test background 
communication, I logged onto a remote bulletin board system 
and, using XMODEM CRC protocol, downloaded a 7K-byte 
file. During the download, I switched back to DOS, loaded 


WordStar, created and edited a document, then switched back 
to my background downloading. It worked great, and the 
complete file was received with no errors. Although back- 
ground communication capability uses about 20K extra bytes 
of RAM, I know I'll use it a lot. 

One SK + feature that users may find troublesome is that 
the program is complex and has a confusing array of features 
that you can reach from Control-key sequences, function 
keys, and menus. You'll have to decide for yourself if the 
complexity of the program is worth the effort; I think it is. 

Another feature I found bothersome was the length of time 
it takes SK + to appear on the screen—about 4 seconds to load 
and another 4 seconds to unload. The reason for the time 
delay is the method used to swap resident applications and data 
on and off the disk. There are ways to speed up the loading 
process, including an installation option that eliminates disk 
swapping, the use of a RAM disk or an Above Board, or the 
creation of an abbreviated customized version of the program 
(my option). Borland also indicated that speed optimization 
will continue to be a prime objective, 

Overall, i think I'll be one of many dedicated SideKick 
users who give up the simplicity of the original program for 
the power of SideKick Plus. 

—Jonathan Erickson 


Lotus's Outliner/Word Processor 


The Facta: 


Manuscript 2.0 Requirements: 
$495 Runs on MS-DOS computers 
(Pre-2.0 copies purchased (version 2.0 or higher) with 
on or after December 1, 1987 — atleast 512K bytes of RAM, 
can be upgraded to 2.0 a hard disk drive, and a 514- 
for free. Copies purchased inch or 3%-inch (1.44- 
before that date can be megabyte) floppy disk drive; 
upgraded for $75.) works with CGA, EGA, 
VGA, Hercules Mono- 
Lotus Development Corp. chrome, InColor, Toshiba 
55 Cambridge Parkway T3100, and Compaq Portable 


ITI displays. Includes 
software drivers for most 
popular dot-matrix and laser 
printers. 


Cambridge, MA 02142 
(617) 577-8500 
Inquiry 854. 
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anuscript 2.0 is easier to use, more powerful, and 
faster than version 1.0. 

Word-processing additions include macros; named text 
libraries for rapid insertion of boilerplate copy; multiline 
headers and footers; inclusion of Microlytics’ Word Finder 
thesaurus, with definitions as well as synonyms; a new 
spelling checker from SoftArt, and integration of spell- 
checking with the editor rather than as an external utility; the 
ability to see page breaks while in the editor; sorting of 
tables, using any column as the sort key; and automatic saving 
of an edit document at predefined time intervals. You can 
include Lotus 1-2-3 worksheets in a document by file reference 
and update them by command (the latest numbers from a 
worksheet are read into the document). 

Formatting and printing the six-page sample document, 
which contained three graphs, two equations, and two tables, 
took 59 seconds with version 1.0, while a prerelease version 
of 2.0 took 47 seconds. The final version will be still faster, 
according to Lotus. (Lotus reports it plans to ship Manu- 
script 2.0 in the first quarter of this year.) 

Previewing is also faster in version 2.0, thanks to an 
intermediate storage format for graphics images and changes in 
the product's overall memory managernent scheme. The edit 
document now remains in memory while the editor, print 
formatter, and previewer are swapped in and out. 

Manuscript 2.0 also includes some major enhancements 
and new features in the area of page layout and format: 
winding columns of text (one to nine columns); financial 
tabs, so numbers are properly aligned even when followed by 
symbols such as percent and minus signs; named blocks; full 
user control of parameters for hyphenation and microjustifica- 
tion; and logic for page and column breaks. 

I think Manuscript 2.0 should have broad appeal as a com- 
plete editing and layout system for large documents. It looks like 
a workable alternative to the traditional approach of using 
typesetting and layout services to create printable documents. 
—George A. Stewart 
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OCR SCANNING 


Gur "SCANNING CONNECTION" 
system can be used to read 
your paper documents into a PC 
Pictures and graphs can be 
scanned and saved in various 
file formats for use by many 
word processing and desktop 
publishing systems. Text images 
can be converted to character 
text for use with most word 
processing and typesetting 
systems. Images can be sent 
over telephone lines to another 
PC or a facsimile machine. 

We have developed a special 
controller card for high speed 
compression of images arid for 
character recognition. Books, 
magazines, newsprint, reports 
and typed documents can be 
read by our OCR software. The 
software can be trained to 
recognize almost any font: 
System prices including scanner 
and software start at 51795. 


Circle 313 


*IOIN" FLAGENG for vendor 
support on BIXI 
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9-TRACK TAPE 


With our "TAPE CONNECTION" 
system you can read and write 
most 1/2" 9-Track magnetic 
tapes using your PC. Tapes can 
be BOO, 1600, or 6250. Our file 
transfer software can process 
ANSI labeled tapes from most 
computer systems including 
DEC, HP, HONEY WELL, and IBM. 
Large files from multivolume 
tape reels can be transferred to 
a disk at rates up to 5 MB/ min. 
software is provided to use the 
system for backup of the hard 
disk on your PC. 

With more than twenty years 
experience in working with 
tape drive systems. we can 
solve most PC tape conversion 
problems. We can supply more 
than ten different tape drive 
models. System prices including 
tape drive. controller card, and 
software start at $3495. 
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[RÀ] 


DISKETTE CONVERSION 


We specialize in conversion 
systems and can transport your 
documents or images to almost 
any computer, word processing, 
or typesetting system. With 
our "DISKETTE CONNECTION" 
system you can read and write 
most B", 5%", or 3" diskettes 
using your PC. We support 
systems from DEC, CPT, WANG, 
NBI, LANIER, HONEYWELL, and 
XEROX. We support most IBM 
systems including 3741, 5/36, 
PC/36. 4300, and Displaywriter. 

Since 1981 we have developed 
hundreds of software programs 
and designed many specialized 


diskette hardware products. 


With thousands of installations 
worldwide, wë are probably the 
worid leader in manufacturing 
diskette conversion systems. 
System prices including diskette 
drive. controller card. and 
software start at $1195. 
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Subject: GUIS 


Data. 1. Scanner Mode 321 


“Specially designed tor FAX USE 
Easy to Werte software for 
valso suitable for OTP (high cost 
Pa NGST al uncer USS 1K) 
2. 
ax Cards use wiScariner 321 or 
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3 Also, Teller ax 2D7.. 
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meme d 


To. AN Those at Memo t, plus al others 


Subject: GUIS - New prochi 


(9600 bps. G2/G5) 


Fax 
Data. !- Laser C for max tex y (ne 


2. Linkable wilh P 
DTP) 


4. Plain paper taser printer 
4. Aotaling Bi under US34 Bt 


z balow 
Suggested Action: Contact GUIS 


1388 
. Ccabit'as. Hannover, March 1623. 


P.S.: 
booth B45 (Hall 15} 
WOC. Chicago. March zB- 
boom 6419 


31, 1988 


GUIS 


A Little Giant in Telecommunications 


Glorious Union Information Systems inc. 
| 4th Floor, 207 Tun-Hwa North Rad., 
Tape, Taiwan, A.O.C. 

TEL 2-7153355 2-7 168035 

nx 22654 GUE FAX 2-713457? 


Agent in the Netheriandas: 
Hy-Test Europe B.V. 
Edisonstrast 15 h) 

2723 RS Zoctermeer 
Netherlands 


TEL 131]72-41BB4 | = FAX. [|31)75-423973 
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Search and Cut/Paste Facility 
for dBASE Files 


EAST LOS ANGELES 


The Facts: 

Friendly Finder Requirements: 

$99 IBM PC, XT, AT, or 
compatibles with DOS 2.0 or 

Proximity Technology Inc. higher (DOS 3.0 required 

3511 Northeast 22nd Ave. with the IBM PC AT); 75K 

Fort Lauderdale, FL 33308 bytes of free memory; hard 

(305) 566-3511 disk drive (recommended). 

Inquiry 856. 


f you've ever needed information from a database while 

working in another application, you know that exiting the 
application, opening the database, and then finding the 
record can be frustrating. 

Using the patented search algorithm Proximity-Scan, 
Friendly Finder leis you search and retrieve information from 
dBASE files while working in other applications. Friendly 
Finder also works with fixed-length ASCII files, but it's 
primarily for use with files in dBASE format (DBF). You can 
use Friendly Finder with other database programs, such as 
Paradox or R:base, by first converting the data to DBF 
format, but then you have to reconvert your data every time 
you update the database. 

You can run Friendly Finder from the DOS prompt, but 
you would probably want to operate it in memory-resident 
mode (it takes up 75K bytes); this is really more useful 
because you can then access databases from within other 
applications. 

To invoke Friendly Finder in memory-resident mode, you 
press the default key combination Control-Right-Shift, or any 
other combination that you specify. Friendly Finder appears 
in a small window at the top of your screen with a list of 
available databases. You select the database you wish to 
search and enter your query. Friendly Finder finds all records 
that match the string in your query. Once you've found the 
record (or records) you're looking for, you can paste the data 
into your application, one field at a time. 

I tested Friendly Finder on an XT with an Orchid Turbo- 
EGA card and an Intel Above Board. With the Above Board, I 
was able to copy my database files to a RAM disk in 
expanded memory. While Friendly Finder is pretty fast on a 
hard disk, its performance is virtually instantaneous on a 
RAM disk. A search for a unique record in a 1000-record 

continued 
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Today's new generation of personal comput- 
ers provides unprecedanted power and 
capability. That's the good news. 

Now the bad news. Your diskatte media is 
stretched to the limit every time it's taken for 
a spin. And, as diskette densities increase, 
sü does the chance of failure. 

That's why Kao (pronounced cow) Corpo- 
ration re-thought the diskette. And applied 
its 100 years of expertise in surface science 
technology to developing the first diskettes 
designed for today's high performance 
computers. 


Kao diskettes employ patented, wear- ; 
resistant resins and surface-treated mag- 
netic particles for better head-to-surface 
contact, the key to diskette durability and 
performance. And unique surtace lubricants 
actually extend the life of your drive's read/ 
write heads. Our new Canadian microdisk 
plani—the world's largest and most mod- 


every industry standard worldwide. 

More than 12 million high 
Kao diskettes have bean sold under many 
well-known brand names in the USA. Now 
they're avallable trom leading computer spe- 
cialty and office products dealers under the 
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IBM PC^ COMPATIBLE 
SINGLE BOARD COMPUTER 


QuarkPC-- — 
E Qa 
4d" x 6” cont n 6 


e Low Power — Lass than 3 Wotis 
e Optional on-board Video LCD Driver 


e Ideal for any PC compatible OEM 
product which is not a personal computer 


Includes: 1. Poweriul V40* CPU (Faster than a PC) 

2. Math Co-Processor Socket 3. 5 Volt Ls Operation 

(3 watts) 4. Speoker Por S. Keyboard Pori 6, Parallel 

a ipu et PC Bus & PC Compatible BIOS ROM 
»19eria n 


On board Options Include: 1.5 Mode Video 
Controller Option (Monochrome, Hercules* Graphics, 
CGA. High Res CGA, LCD Driver) 2. Floppy Disk 
Controller (3.5*/5.25", 360K/720K/4.2 MB) 3. SCSI Bus 
Interiace (Hard Disk etc.) 4. Up to 768K RAM 5. Battery- 
Backed-up Reol-Time-Clock 6. 2 Additional R5232C 
Serial Ports 
To order y —Ó— = us T 
egatel Computer Corpo n 
416) 745-7244 FAX (416) 745-8792 
174 turbine Drive, Weston, Ontario MOL 252 
US. Address: 1051 Clinton $t., Buffalo, NY. 44206 
Distributors: 

Northern Europe: Macom GMBH (Germany) (06074) 5495 
Southern Europe: NCS Electronics (Italy) (0334) 256-524 
UK.: Densitron (0959) 74041 or (0959) 71015 
Australlo: Asp Microcomputers (02) 500-0628 


quantity one 
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megatel 


COMPAQ 
386 
COMPATIBLE 


16 MHZ, “0” WAIT 

2 MEG MEMORY 

1.2 MEG DISKETTE 
AT STYLE KEYBOARD 


ADD-ON OPTIONS 
MONITOR KIT HARD DISKS 


Monitor, Video Card, 
Parsitel Port 


(312) 450-6220 


CF Additional Configurations Availabie 


BOX 1104 


Inf-digcfr, FE- WESTMONT, IL 60559 


TERMS: Prope. illinois Residents Add 636-56 Sales Tax. 
Freigi UPS Ground Rate Collect. - 
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database took a few seconds on the hard disk but completed 
almost instantly on the RAM disk. 

To customize Friendly Finder using its special customiza- 
tion program, you add submenus that appear when you invoke 
Friendly Finder. The customization program also lets you set 
up fixed-length ASCII files for use with Friendly Finder. You 
have to specify a field width and field name for each field in 
the fixed-length record. The fixed-length file can then be 
queried just like a DBF file. 

Friendly Finder is an extremely useful utility for database 
users. I hope that Proximity Technology will eventually make 
Friendly Finder available for other database formats. 

—Nick Baran 


Recordkeeping Software Shows 
Potential of Macintosh HyperCard 


The Facts: 
Focal Point Requirements: 
$99.95 Macintosh Plus or equivalent, 


HyperCard 1.0.1 or higher. 
and a second floppy disk 
drive or a hard disk drive. 


Activision Inc. 

P.O. Box 7286 

Mountain View, CA 94039 
(415) 960-0410 

Inquiry 857. 


Q ne of the most alluring promises of Apple's HyperCard 
is the possibility of quickly storing, retrieving, changing, 
and cross-referencing "stacks" of whatever information you 
use regularly. Focal Point is a collection of 18 interrelated 
stacks that help you organize job-related phone. project, and 
billing data. 

The most valuable thing about Focal Point is that 
information needed in multiple places shows up automatically 
after you have entered it once. For example, when you dial a 
number from the Directory and Dialer stack, Focal Point 
creates a new record in the Outgoing Phone Log, filling in 
the fields for the date, time, person called, and phone number. 

The scheduling stacks include the Appointment Book, To 
Do List, Monthly Calendar, and Deadlines, In the To Do List, 
you can sort entries by priority; a1 the end of the day, 
pressing one button copies all pending items to the next day. 
The Deadlines stack shows all the project-related deadlines 
you've sel, sorted by date. 

There are also project stacks that you can use to interrelate 
clients, vendors, and projects. The phone-support stacks 
include the Directory and Dialer stack, and the Incoming and 
Outgoing Phone Log stacks. For billing purposes, you can 
record the length of a call in both Phone Log stacks just by 
clicking on a call-finished button. And finally, there are 
expense accounting stacks. J 

Focal Point is an excellent product, but as stackware, 
which sits "on tap of" HyperCard rather than a directly 
executable file, it has advantages and disadvantages. For 
example, if you don't like the way it works, you can modify it 
(with some difficulty) by changing the underlying HyperTalk 
scripts. On the other hand, it executes some actions slowly and 
has odd conventions, like wanting you to hit Tab or Enter but 
not Return when you finish a data item (this is an idiosyncrasy 
of HyperCard). 

You really need a hard disk drive, MultiFinder, and at 
least 2 megabytes of memory (Focal Point is most useful when 
it is already in memory and can be called up in several 

continued 


Discover 
Parallel 
Processing! 


ae ME 


The Most Cost Effective 
Transpuler Development System 

i L J à x : -— 
MicroWay's Monoputer is the best 5. ^i . ! | 
selling Transputer-based PC copro- | ^  . | 
cessor in the world. It was the first board \ © — \ « nidi 
available to run the 20 MHz T414 or T800. |. Quadputer 
in the UK (available on request) and became © For Your PC! 
the standard Transputer software develop- ^ 
ment tool. Parallel code can be executed on. » * nati MicroWay's Quadputer is the 
a single Monoputer or on an array of Mono- © " "72 Ei aiae most versatile multiple Transputer co- 
puters wired together by their external link lines. — . .- rep 0 processor on the market today. It can be 
The Monoputer includes 2 megabytes of 100 m purchased with 2, 3, or 4 Transputers, each of which 
nsec DRAM, a 20 MHz T414 or T800 and the © has 1 or 4 megabytes of local memory. Two or more Quad- 
MicroWay stand alone Occam Compiler, which pulers can be easily cabled together to build larger parallel 
generates Transputer code that runs under MS-DOS. Optional processor systems. À single Quadputer using four T800s pro- 
lools include our licensed version of the TDS and a Pascal, vides 40 MIPS of CPU and 6 megaflops of NDP throughput at 
Fortran, C, and Prolog. one fiftieth the cost of a comparably performing mainframe. 


Attend MicroWay's Seminar on Parallel Processing, April 6th in Plymouth, Massachusetts! 
For more information please call (617) 746-7341. After July, 1988, call (508) 746-7341. 


The World Leader in PC Numerics 


P.O. Box 79, Kingston, Mass. 02364 USA (617) 746-7341 
32 High St., Kingston-Upon- Thames, UK 01-541-5466 
St. Leonards, NSW. Australia 02-439-8400 


TRADEMARKS Ousdpuler. Apwe amd Monupute ol MiccaWay Inc NMOS Tiansputei TOS, OCCAM al INSYOS Corp. MucroWgny"* rs a registered trademark ol MecroWay. Inc 
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KADAK's 

engineers bring 

years of practical real-time 
experience to this mature 


MULTI-TASKING SYSTEM 


(version 2.0) 
for the IBM® PC, PC/XT and PC/AT 


8 No royalties B Intertask message 

a IBM PC DOSS support passing 

e C language support B Dynamic operations: 

8 Preemptive scheduler - task create/delete 

mw Time slicing available - task priorities 

e Source code af the - memory allocation 
C interface and device B Event Manager 
drivers 15 included m Semaphore Manager 


AMX 86°" opereies on any 8086/88, 80186/88, 80286 system. 


sus KADAK Products Ltd. 


Manual only $75 US 206 -1847 W. Broadway 
tshipping/handhng extra) 


Demo package 


Ji V6J1Y5 
Telephone: (604) 734-2796 
| iso avevtatve for 8080, zao. 88000 “WE Telex. 04-55670 | 
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seconds). The full set of stacks takes up 1051K bytes of disk 
storage, although you can make do with less. Although Focal 
Point's price is too high and it has a few drawbacks, I think it's 
a worthwhile product. 

—Gregg Williams 


A Weather Station for Your PC 
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The Facts: 


PC WeatherPro Requirements: 

$575 IBM PC, XT, AT, or 
compatible; DOS 2.0 

Technology Marketing or higher. 

Group Lid. 


4000 Kruse Way Place, 
Building 2, Suite 120 
Lake Oswego, OR 97035 
(503) 635-3966 

Inquiry 855. 


A full-fledged weather monitoring system, PC Weather- 

FA Pro is based on a hal f-fength plug-in card with a spiffy 
80-pin custom IC developed specifically to process weather 
data. Packed into the chip is an A/D converter, » processor, 
memory, a real-time clock, a custom solid-state barometric 
pressure transducer, and the microcode that ties it all together. 
Since keeping the board powered up at all times is critical, a 
separate plug-in power supply keeps PC WeatherPro running 
even when your computer is powered down. 

But the board is only the beginning. It's what you hook up 
to it that counts, and that includes both internal and external 
temperature sensors, an electronic rain gauge, an anemom- 
eter, and a wind vane. Obviously, installing and hooking up all 
this stuff requires a certain amount of ambition, time, and 
skill. You'll need to plan wire runs and crawl around on your 
roof to mount the wind sensors and rain gauge. And you'll 
need both boiling and freezing water to calibrate the tempera- 
ture probes, as well as access to accurate barometric pressure 
to calibrate the on-board sensor. 

The software that keeps PC WeatherPro happily keeping 
track of conditions runs in the background, as you'd expect. 
You can call up the rnaster Weather Bulletin screen at any 
time by pressing a hot key. The real power in PC WeatherPro. 
however, is its ability to log and plot all that weather data. At 
regular intervals, all the weather parameters that the system 
measures are written to a disk file. You can call them up at 
any time, and, with the press of a couple of keys, either display 

cominued 
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BREATHE NEW FIRE 
INTO YOUR GRAPHICS. 


Introducing The | 
OmniScan multifrequency 
monitor...AND...the Advanced 
EGA 900 OmniCard?^ 
Together they breathe new 1 
fire and lifeintocharts,qrapns, "~ 
documents, spreadsheets, CAD/CAM 
applications and desktop publishing. 

OmniScan...the high resolution 
monitor compatible with virtually all 
computers, software and graphics 
packages; VGAM to EGA...Personal 

System/2™ to Macintosh IIT" 

The Advanced EGA 900 OmniCard... 

the most versatile graphics card available. 


Supports virtually all monitors and software; , dh 

EGA,CGA, Hercules" MDA, 132 columns, VGA modes ce 1a thar pile nel ai ey 

11 and 12...and 800 x 560 high resolution graphics. a 
OmniScan and OmniCard are a powerful and profitable sales combination. 


Each is engineered for outstanding quality and value. Together, they're a real fire breather. 


Call today for complete specifications. 


Tong ce of America, inc. We monitor the world. 
er Heo aen E! Presidio Street, Long Beach, CA 90810 (213) 979-7055 
fid-West Reglon-3320 Dalworth St., Arlington, TX 7601! (817) 640-3175 

Eastern Region-1075 Cranbury South River Road, Building A, Suite 8, Jamesburg, NJ 08831 (609) 395-6770 

OmniScan and 900 OmniCard are sales marks of Tatung Co. al America, Inc. All trademarks are property of their respective manufacturers. 


—» GET SUPERSOFT's 
SERVICE DIAGNOSTICS 


All the software, alignment diskettes, parallet/serial wrap-around 
plugs, ROM POSTs and extensive, professional documentation to 
provide the most comprehensive lesting available lor IBM PCs, 

XTs, ATs and aif compatibles under DOS or Stand Mone, No other 
diagnostics offers such in-depth tasting on as many differant types of 
equipment by isolating problems to the board and chip level. 


NEW: SuperSoft's ROM POST pariorms the most advanced 
Power-on-Self-Teat available for system boards that are campatible 
with the IBM ROM BIOS. It works even In circumstances whan the 
service Diagnostics disketie cannot be loaded. 


NEW: 386 diagnostics for hybrids and PS/2s! 


For over nine years, major manufacturers have been relying on 
SuperSott's diagnostics software to help them and their customers 
repair microcomputers. End users have been relying on SuperSoft's 
Diagnostics Il for the most thorough hardwara error isctation 
available. Now versions of Service Diagnostics are available to save 
everyone (including every serious repair technician) lime, monay, 
and headaches in fixing thelr computers, sven non-IBM equipment. 


All CPUs & Numenc Co-pracessors All Color Graphics & Monochrome 
Syalem Expansion & Extended Memory Monitors 
Floppy, Fixed & Non-standard Disk Drives Parallel & Serial Ports 
Standard & Non-standard Printers Mono, L- Hercules & EGA 
System Board: OMA, Timers, Interrupt, Ada 

Real-time Clack & CMOS config. RAM — All Reich & the 8042 Controller 


Join the ranks of XEROX, NCR. CDC, SONY, PRIME, ... who have 
bundled SuperSoft's diagnostics with their microcomputers at no risk 
because of aur 30 day money back guarantea. 


Service Diagnostics for PC, PC/XT, and compalibies only semei uionensoses nson u TD 
Alignmen Diskete lor PC, PC’ XT and compatibtes (4B tpi drives) —— me ! 
Wraparound Plug for PC, PO/XT and compatibles (parallel and seria) mM" 30 
Service Diagnostics far AT and compatibles orty ....... EVER. 
Ahgnmaent Diskette tor AT and compatibles (98 tpi drives) uses eed DU 


Wraparound Plug for AT (serial) «uius rrr err tnnc ro 5S 
ROM POST toe PC, PC/XT. and owmpatioles ordy 


TREE: Gee 
ROM POST tor AT end compatibles only gri poe ted re H iiie Haas meirin MERE 
Service Diagnostics: The KIT (includes ail of the above—aave $502) ......... BOS 
Sence Diagnostics lar all cler CP Us (388. V20, V30, Harts, elc.) o... $196 
Diagnostics ille The soludon fo the servica problems ol users oí al C PAM -BO. 

CP/M-B5 and MB-DOS Computers wuminina aromi su arivar menn rnb er md nas MES 
ROM POST tar PS/2 and comoatbles Oy. cessisse emen erani or minaces $245 
Alignment Dekota Lor PS/2 and compalibies (3.5 inch} ———; € 


— had os del ed à aa bil ae lob e 


To order, call 800-762-6629 (in Ilinois 217-359-2112), write ta 
SuperSoft, or FAX 217-388-5923. 


gno eite e E 


FIRST IN SOFTWARE TECHNOLOGY P O Bo 1628 Champaign, 1 B1826 (217) 389-2112 Tepe 2703986 


SUPEASOFT ik a agah 'radetig of SuperSot Inc CEG of Congo! Datg Corp , IBla PC, AT A XT of 
irtarmaátiónad Bosineas Machines Comp MEDOS of MicroBoR Comp . NEC of NEC Intormanson Systema, Inc , 
PRIME al PRIME IG Sony of Sony Corp 
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or print out graphs of the data. You can also set alarms to go 
off when certain conditions that you've preset—such as low or 
high temperatures or wind—occur. 

With its $575 price tag, PC WeatherPro is for dedicated 
weather freaks or those with a real need to keep track of 
current and past weather information, It is kind of a pain to 
set up, but it's one of the few PC accessories that ie Mo the 
guilty pleasure of having fun and doing something ostensibly 
useful at the same time. 

—Stan Miastkowski 


Technical Graphing for Lotus 1-2-3 


The Facts: 
| Tech*Graph*Pad 2.1 Requirements: 
$275 IBM PC, XT, or AT with 
440K bytes of free memory, 
Binary Engineering Inc. DOS 2.0 or higher, and 
100 Fifth Ave. CGA or EGA. 
Waltham, MA 02154 
(617) 890-1812 
Inguiry 858. 


ech*Graph*Pad is a stand-alone technical graphing 

program that can read directly from Lotus 1-2-3 or WKS- 
format files. The version that i tested (2.1) had several 
serious bugs and an extremely clumsy interface for such an 
expensive piece of software. The program does, however, 
have many features that engineers and scientists need in a 
graphing program. It supports log-log and log-linear plot 
types, as well as polar coordinates, You can use up to eight 
dala sets of 500 points each, which you can generate in 
ASCII format or WKS files. In addition, Tech*Graph*Pad 
supports a set of curve-fitting algorithms, including poly- 
nomial, power, spline, logarithmic, Bezier, and Savitsky- 
Golay. A host of other features for scaling, labeling, and 
customizing your graphs are also included. You can also 
convert data from Tech*Graph*Pad into multiple or merged 
PIC files if you need to use the Lotus PrinrGraph facility. 

In the bugs department, Tech*Graph*Pad printed the x- 
axis coordinates incorrectly when I changed to an integer 
format (it printed one coordinate twice and put a minus sign 
in front of the O coordinate). Also, the built-in line editor for 
editing data files did not work properly, introducing 
extraneous characters when 1 atiempted to move the cursor or 
use the PageUp or PageDown keys. 

While bugs can be corrected, Tech*Graph*Pad suffers 
from more basic design problems in its user interface. 
Tech*Graph*Pad uses a series of pop-up menus, some of 
which have selections in columns. Unfortunately, you can't 
move the cursor horizontally from one column to the next. 
You have to scroll vertically to the bottom of one column and 
thea start at the top of the next, even if you only want lo enter 
commands in a single row. In addition to the menu problems, 
Tech*Graph* Pad does not support the Extended ASCH 
character set, so you can't label your plots with standard Greek 
mathematical symbols such as 8 or E, for example. 

Tech*Graph*Pad's most important feature is its ability to 
read WKS files. However, you can't view the data from the 
WKS file when vou are prompted to enter cell ranges for 
each data set. This means that you have io write them down on 
paper while in Lotus 1-2-3 before you load Tech*Graph* Pad. 

There is a need for a program with Tech*Graph *Pad's fea- 
tures. However, I think that the implementation of these fea- 
tures in Tech*Graph*Pad version 2.1 is seriously flawed. @ 

—Nick Baran 


Now you can find a needle in the 
haystack in three seconds flat. 
With MemoryMate- 


J asin tossing all 
S. your notes an 

files into a huge desk 
drawer. Then magically 
discovering that every | 
time you want some- 
thing, it’s right there 

on top. 

We call it MemoryMate. A 
new breed of data manager 
that reduces your paper clutter 
UNS the mess off your 

esk. 

Unlike structured data bases, 
MemoryMate is free-form and 
works intuitively. Once you 


enter a record (up to 60 lines m 


each) every single word, phrase, and date is automatically in- 
dexed. And rines d, ; 

Which means that MemoryMate can find that record later 

using any word, date, or Fe in it. And MemoryMate 
oes it fast. You can search 180K on a PC XT in three 
seconds! 

And since MemoryMate is memory-resident, it's always 
there. You can access it while other programs are ru 
You can even cut and paste between MemoryMate and other 

ms. And vice versa. 

just enter your memos, notes, tables — anything — using 
the built-in word Vt s You can forget designating 
“keywords.” Just like you can forget where you stashed that 
i god scrap of paper or yellow Post-it”. 

ou can even forget all your to-do lists and deadlines. 
Because Memory reminds you. Tickler messages pop-up 
on screen automatically on the days you select. 

5o how complex is all this to operate? MemoryMate has 
only 15 simple commands and they're always on screen. 5o 
you can access all that power easily — without having to 
remember a thing. 


Find what you need using a single word. 


Or à sentence. 

Let's say you want to call an attorney you met playing ten- 
nis last May. But you can't remember his name. All you 
remember is that you put a note about him in MemoryMate. 
20 jou ES EM ones and hit the search key. In 
seconds, all records containing "tennis" eon to appear. But 
let's say you also manage a tennis league. You've got tons of 
"tennis" entries. To narrow your search, you type "tennis 
and May and attorney”. Bingo! You've got his name and 
phone number. 
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Is a 
better memory worth 


$69.95? 

Much more, according to 
qe J. es “i d: 
i "ve got lots of unstruc- 
end information to keep track 

/ pipe is a wonder... 
| at $69.95, it's a bargain." 
| PC Week agrees: “Once | 


Syndicated columnist Bob 
Schwabach is ecstatic: “I don't 
know quite how they did 
it...but this thing is lightning 
— — MÀ n ‘al 

With all this praise and all these incredible features, you'd 
Ed MemoryMate to cost a lot more than $69.95. But it 

oesmt 


And, right now you can get a demo disk for less than six 
bucks — which can be rebated when vou buy MemoryMate. 
So fill in the coupon below and send it in. And be sure to 
do it now, before you forget. 

After all, you don't have MemoryMate to remind you. Yet. 
ms um A NM Nu mM M NM M 

Send me the Mate demo disk for j 
[IYES.s ix and sippeg hdi S T 
Send me the 
| m kr $69.95 ippi 
DIM SOLD. fete ear dna 


6% 


Order Toll-Free. 24 Hours. 


1-800-527-6263 


Order by Mail: PO. Box 12947, San Rafael, CA 94913-2947 33BY2 
Em mm E Fa Be Be 


ation cost —Drgerbund 


ABOVE BOARD 2 LEAVES THE CO! 


Above* Board 2 is the first memory board 
for the PS/2™ that comes with the new expanded 
memory specification — LIM 4.0. 

Because only Above Board 2 comes from 
Intel. The company that developed LIM 4.0. 

So now your users can access more 
memory. And run the very latest DOS appli- 
cation software well beyond 640K. Which will 
give everyone powerful, new capabilities they 
never thought possible. 

Above Board 2 also promises 100% com- 
patibility with OS/2 application software. 

Along with guaranteeing compatibility 
with the PS/2’s microchannel technology. 

Add to that Intels technical support, 
award-winning documentation and five-vear 
warranty, and Above Board 2 is clearly your 
one and only choice. 

Of course vou could oes wait for the 


competition to ‘catch up. But, j 


where would that leave you? 
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Enhanced 


EGA and VGA Boards 


The joy of a good video stan- 
dard is that you want to use the 
available graphics. EGA graph- 
ics have become the standard 
for business applications, offer- 
ing 640- by 350-pixel by 16- 
color resolution and text that is 
readable for extended periods of time. 
During the last year, companies pushed 
that standard higher by offering enhanced 
EGA boards with 640 by 480 or higher 
resolutions. 

IBM has since given the world a new 
graphics standard, the VGA, and early in- 
dications are thal it is a good standard in- 
deed. People who make graphics boards 
recagnize this, and so the rush is on to get 
VGA-compatibie graphics adapters to 
market. [n this mad rush, unfortunately, 
the word "compatible" takes on several 
shades of meaning. I looked at 22 boards 
and found that, in inany cases, compati- 
bility is in the eye of the marketing chief. 

In broad terms, the boards in this re- 
view fal! into two categories: VGA-com- 
patible boards and enhanced EGA boards 
that happen to have modes that coincide 
with one or more of the new VGA modes. 
Table 1 lists characteristics for the 14 en- 
hanced EGA boards I looked at, and 
photo 1 shows a sampling of these 
boards. Table 2 lists the 8 VGA boards, 
and photos 2 and 3 show what these 
boards look like. In both groups of 
boards, I found that performance and fea- 
tures varied widely from board to board. 


Sorting Out Standards 

The original EGA boards used a 16.257- 
MH timing crystal to drive the display at 
the 640 by 350 resolution. This satisfied 
users until muitiple-scan-rate monitors, 
like the NEC MultiSync, appeared. 
These monitors allow a much higher res- 
olution, and people soon realized that 
simply adding a faster crystal would give 


Curtis Franklin Jr. is a technical editor 
for BYTE. He can be contacted at BYTE, 
One Phoenix Mill Lane, Peterborough, 
NH 03458, or on BIX as "curtf. " 
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Curtis Franklin Jr. 


Should you buy a VGA or 
will an enhanced EGA fill the same 


purpose for less money? 


them an EGA display with 640 by 480 
resolution (now the standard for en- 
hanced EGAs). Some manufacturers are 
going beyond the new standard to 800 by 
560 and higher resolutions. 

VGA arrived on the scene with the 
IBM PS/2 computers in April 1987. ft 
brought five new BIOS display modes 
(two text and three graphics) and a new 
requirement for monitors. EGA (and ear- 
lier) graphics use TTL monitors for their 
display. The increased bandwidth of the 
VGA signals would require a TTL cable 
roughly the diameter of your thumb, so 
[BM engineers decided to switch to ana- 
log display technology. 

With an analog display, fewer wires 
are required to carry the signal from the 
display adapter to the monitor. Most mul- 
tiple-scan-rate monitors allow switching 
between analog and TTL input, so up- 
grading from EGA to VGA will not, for 
many users, require buying 3 new moni- 
tor, as did the switch from CGA to EGA. 

Most of the interest in WGA has cen- 
tered on the graphics modes. The three 
néw ones are mode 11H, 640 by 480 by 2- 
color; mode 12H, 640 by 480 by 16- 
color; ahd mode 13H, 320 by 200 by 256- 
color. Modes 12H and 13H display their 
colors from a palette of more than 
256,000 colors. 

You may have noticed that the resolu- 
tion of modes 11H and 12H matches the 
resolution of many enhanced EGA 
boards. This does not mean that all 
boards with 640 by 480 resolution are 
VGAÀ-compatible. The BIOS entry loca- 
tions are different for EGA and VGA, 
even at the same resolution, Some manu- 
facturers solve this problem by offering 
software that switches the board between 
EGA BIOS and VGA BIOS. 

If you have specific needs for a particu- 


lar mode or resolution. you 
should read the specifications 
of the beard and its attendant 
software carefully. Photos 4 
and 5 show the difference be- 
tween EGA and VGA resolu- 
tion. (For a detailed discussion 
of the VGA standard, see “PS/2 Video 
Programming" by Richard Wilton in 
BYTE's Fall 1987 Inside the IBM PCs.) 


Wringing Them Out 

I used nine tests to check the features and 
compare the performance of the boards, 
The machine I used was an 8-MHz IBM 
PC AT with 2.5 megabytes of RAM, a 
40-megabyte hard disk drive, and an 
NEC MultiSync XL. monitor. The tests I 
used were the following: 


1. TORUS. BAS: A QuickBASIC 4,0 pro- 
gram that draws a torus (doughnut) on the 
screen at the highest available color/reso- 
lution, then cycles the colors. 

2 and 3. Two QuickBASIC programs that 
checked for support of VGA mode 13H. 
4. VGADiag: This program comes with 
the Sigma VGA board and checks for sup- 
port of all EGA modes, enhanced EGA 
(640 by 480), and all VGA modes. 

5, Windows Draw: | measured the time to 
redraw the USA.PIC file that was sup- 
plied with Microsoft Windows Draw. 

6. Windows Write: I measured the time 
needed to scroll from the top to the bot- 
tom of à file that measured approximately 
40K bytes. For both Windows tests, I 
used Microsoft Windows version 1.03 
(which was the latest version available at 
the Lime of this writing) and the Windows 
driver supplied with the individual board 
unless otherwise stated. 

7. DOS DIR: The time nceded to display a 
53-entry directory using the DIR com- 
mand of DOS 3.2. 

8. AutoCAD: I timed a regeneration (RE- 
GEN) of the STPAULS file supplied with 
AutoCAD version 2.52 with ADE 3 ex- 
tensions. I used the AutoCAD driver sup- 
plied with each board to perform this test. 
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EGA 
Boca Research MultiEGA 
Genoa SuperEGA HiRes + 
IGC EGAcard 
Logitech EGA 
Mitac SEGA 
NSI Smart EGA Plus 
Paradise Autoswitch EGA480 
Quadram Quad ProSync! 
SCOA Star PGA 
SMT Pro-EGA 
Tatung 900 OmniCard 
Tecmar EGA Master 800 
Thomson EGA Ultra Version 
Tseng EVA480 


ATI VIP VGA 
Tatung Platinum Card 
Compaq VGC Board 
IBM PS/2 Display Adapter 
SigmaVGA 
STB VGA Extra 
Video Seven VEGA VGA 
Zenith 2449 


Photo 1: The NSI Smart EGA Plus, 
Thomson Enhanced Graphics Adapter 
Ultra Version, Paradise Autoswitch 
EGA480, and Quadram Quad ProSync! 
are typical of the half-siot enhanced 
EGA boards. 


Photo 2: JBM's Personal System/2 
Display Adapter, the standard by which 
most other VGA boards are judged. 


Photo 3: The first crop of VGA boards 
include the ATI VIP VGA, Compaq 
Video Graphics Controller Board, 
SigmaVGA, STB VGA Extra, VEGA 
VGA, Tatung Platinum Card, and 
Zenith Z449. 
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Table 1: Enhanced EGA boards. 


Product Boca Genoa IGC Logitech Mitac NSI Logic Paradise 
Research SuperEGA EGAcard EGA SEGA Smart EGA Autoswitch 
MuliEGA HiRes + Pius EGA480 
Maximum &40 x 480 x  640x4B8Óx  640x4B80x  640x480x  BAO0 x 4BOx G40 x 4BOx 640 v 480 x 
resolution 16 cotars 16 colors 16 colors 16 colors 16 colors 16 colors 16 colors 
VGA modes None Modes0,1,2, None None None None None 
supported and 3 
Drivers Windows Windows, AutoCAD Windows, Windows, Windows, Windows, 
supplied AutoCAD AutoCAD. AutoCAD AutoCAD, AutoCAD, AutoCAD, GEM 
GEM, Lotus GEM Lotus 1-2-3 GEM. Lotus Lotus 
1-2-3, 1-2-3, Ventura 1-2-3, Ventura 
Framework il Publisher, Publisher 
Ventura Symphony, Symphony, 
Publisher, WordStar WordStar 
Volkswriter 3 Framework {| Framework |! 
WordPerlect WordPertec! 
Size 5¥ x 4" DV. x 4" 7 x 4" Bye x 4" 5V» x 4" Bie x 4" Bie x 4" 
Special TTL and9-oi(n Comes with Compatible 
features analog output; three-button with drivers for 
cabie mouse and other EGA 
mouse dryer boards 
software 
Documentation 46-page 57-page 25.page 47-page 28-page Guide %39-page 35-page manual 
Owner's User's Manual User's Manual Installation ta Operations = User's Guide — 31-page Software 
Manual Manual 4-page Manual 
addendum 
Price $299 $409 $450 $389 $199 $499 $3495 
Inquiry 924. — Inquiry 925. Inquiry 926. Inquiry 927. Inquiry 928. inquiry929. — Inquiry 930. 


All drivers supplied used the ADI driver 
hooks available in AutoCAD. 

9. Lotus 1-2-3: I timed the drawing of a 
graph within the spreadsheet. The graph 
was a stacked bar chart of 48 data points 
in 1-2-3 version 2. ] used the 1-2-3 graph- 
ics driver supplied with the board or the 
Lotus EGA driver if no graphics driver 
was supplied. 


The spplications (Windows, AutoCAD, 
and Lotus 1-2-3) test the performance 
and features of a graphics board/driver 
combination. | used the highest-resola- 
tion driver available in each case. The 
performance of the board with a lower- 
resolution driver might be much dif- 
ferent. Figure | shows the benchmark re- 
sults for the enhanced EGA boards; 
figure 2, the results for the VGA boards. 


Boards Beyond EGA 

All boards in this category support at 
least 640 by 480 by 16-color graphics, 
driving them on a TTL monitor. Some of 
the boards provide BJOS hooks for VGA 
software in certain modes, but most sim- 
ply list themselves as enhanced EGA 
boards. In addition to the drivers and 
software listed with each product, the 
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boards generally include software to 
display the version and date of the 
motherboard ROM, a program to change 
video modes in software, and a program 
to allow games that auto-boot to run. The 
boards are listed in alphabetical order. 

The Boca Research MultiEGA ($299) 
is a PC-bus half card. The MultiEGA 
uses the Chips and Technologies EGA 
chip set and the Boca Research BIOS, 
and it contains one switchblock and three 
jumpers for setting mode and monitor 
type. It includes drivers for AutoCAD 
and Windows and a screensaver, 

Its performance places the MultiEGA 
solidly in the top tier of the enhanced 
EGA boards, taking 22.77 seconds to re- 
generate the STPAULS file in AutoCAD, 
the fifth fastest time, and 95.98 seconds 
to scroll through the Windows Write text 
file, the second fastest time. Boca does 
not claim that the MultiEGA emulates 
any VGA video modes. 

The Genoa SuperEGA Hikes + ($480) 
is a half-length board that uses a Genoa 
EGA, chip set and EGA BIOS to provide 
enhanced EGA functions and compatibil- 
ity with VGA text modes 0, 1, 2, and 3 
through a TTL video port. The board 
provides VGA BIOS entry points, but the 


tests | ran showed that the VGA emulation 
is not perfect. For example, the TORUS 
program gave an initial display of EGA- 
type colors, but it would not cycle the 
colors. In addition, a large green band 
ran down the right side of the screen. 

Genoa includes drivers for AutoCAD, 
GEM, Windows, Lotus 1-2-3, Frame- 
work II, Ventura Publisher, and Volks- 
writer 3. With each test program, the 
SuperEGA HiRes + brought up the dis- 
play on the far left side of the screen and 
then shifted it to the center after about 4 
second, The jumping display was discon- 
certing but did not seetn to have any effect 
on the performance of the programs. This 
board had the worst performance in Lo- 
tus 1-2-3, taking more than twice the time 
of the next slowest board. In other pro- 
grams, il scored in the middle. 

The Intelligent Graphics Corp. EGA- 
card ($450), based on the Chips and 
Technologies chip set and Phoenix BIOS, 
has a number of features that make it 
stand out from the rest of the boards in 
this group. The EGAcard does not in- 
clude VGA BIOS hooks or emulation. but 
it does have (9-pin) analog output in addi- 
tion to the standard EGA TTL. IGC even 
included a 9-pin to 9-pin cable with the 
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Quadram SCOA SMT Tatung Tecmar Thomson Tseng Labs 
Quad Star PGA Pra-EGA 900 EGA Master EGA Ultra EVA4BO 
ProSyncl OmniCard 800 Version 
640 x 480 x 640 x 480 x 16 640 x 480x116 800 x 560x 16 640 x 4BO x 16 640 x 4B0 x 16 640 x 480 Xx 16 
18 colors colors colars colors colors colors colors 
Modes 11H and None None Modes iiHand  Modesi!Hand None None 
12H 12H 12H : 
Windows, Windows, Windows. Windows, Windows, AutoCAD Windows 
AuloCAD, GEM, — AutoCAD, GEM, — AutoCAD, GEM, — AutoCAD. Lotus AutoCAD, GEM. AutoCAD 
WordsStar, CADVance, Lotus CADVance, Lotus 1-2-3, WordStar Lotus 
WordPertect 1-2-3, WordSiar, 1-2-3, WordSlar, 1-2-3, Ventura 

Symphony, Symphony, Publisher 

Ventura Publisher Ventura Publisher 
5va x 4" B5Vs x 4" 5Va x 4" Sie x 4" SVa K à" 5Vs x 4" 1314 x 4" 
Driver upgrade MicrosoltinPort —. 25-pia RS-232C 
for VGA: $10 connector and port, Hercules 

mouse driver emulation 

52-page 60-page User's — 60-page 45-page 70-page user's 44-page Users  51-page User s 
Operations Manual instruction Operations quide, 38-page Guide Guide, 35-page 
Manual, 30-page Manual Manual cover removal Driver Notes 
driver appendixes guide 
$395 $399 $249 $399 $595 $395 $480 
Inquiry 931. Inquiry 975. Inquiry 976. Inquiry 977. Inquiry 978. inquiry 878. Inquiry 880, 


board. While other boards in this review 
concentrated on the VGA standard, IGC 
designed this board to work “ia series" 
with its PGC (Professional Graphics 
Controller) compatible adapter. Accord- 
ing to the manual, connecting the two 
boards allows the EGAcard to provide 
PGC colors at EGA resolution. 

A driver for AutoCAD was included 


that VGA offers. 


with the board but, unlike the drivers for 
the other boards I looked at, this one 
didn't work. When I tried to install it, ] 
got an Unknown Hardware error, The 
AutoCAD timing test was run using the 
AutoCAD EGA. driver. 

The Logitech EGA ($399) comes with 
a three-button Logitech mouse and a 
mouse port, The Logitech EGA is based 


Photos 4 and 5: Microsoft 's Windows 1.03 running under EGA (left) and VGA (right) modes illustrates the increased resolution 


on the Chips and Technologies chip set 
and Logitech BIOS, and it uses one 
switchblock and two jumpers to set video 
mode snd monitor type. The board 
comes with drivers for Windows, GEM. 
and AutoCAD and drives all three at 640 
by 480 resolution. I did not test the mouse 
or its drivers. The Logitech EGA board 
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Table 2: VGA boards. 


Product ATI 
VIP VGA 


Tatung 
Piatinum 
Card 


Maximum 640 x 480 x 
resolution 16 colors 16 colors 


VGA modes All All 
supported 


Drivers 
supplied 


Windows, 
AutoCAD, 
GEM, Lotus 
1-2-3, 
Ventura 
Publisher 


Tya x 4" 


Windows, 
AutoCAD, 
GEM, Lotus 
1-243, 
Ventura 


Publisher 
Size Tva x 4" 


Special 
features 


640 x 460 x 


EGA AND VGA BOARDS 


Campa 
Video 
Graphics 
Controller 


640 x 480 
x 18 colors 


All 


None 


IBM 
Personal 
Syatem/2 
Adapter 


640 x 480 
x 16 colors 


All 


None 


132 x 4" 


Also 
supports 


SigmeVGA 


640 x 480 x 
16 colors 


All 


Windows, 
AutoCAD. 
Lotus 1-2-3, 


WordStar, 


GEM 


13% x 4" 


STB 
VGA Extra 


640 x 480 x 


16 colors 
All 


Windows, 
AutoCad, 
Lotus 1-2-3, 
Sympnony 


10 x 4" 


Loads video 
ROM into 
RAM 


Video 
Seven 
VEGA YGA 


640 x 480 
x 16 colors 


All 


Windows, 
AutoCAD, 
Lotus 1-2-3 


5Vs x 4" 


Also 
supports 


Zenith 
Z449 


640 x 480 
x 16 colors 


All excep! 
mode 13H 


Windows, 
AutoCAD, 
GEM, 
Symphony, 
Lotus 1:2-3 


13% x 4" 


Documentation 49-page 
Operations 
Manual 


49-page 


Manual 


$449 
inquiry 981. 


$445 


worked flawlessly and turned in a better- 
than-average performance. 

The Mitac SEGA ($199) is built around 
the same Chips and Technologies chip set 
and Phoenix BIOS as many of the other 
boards, but it deserves special note as the 
least-expensive board I looked at. The 
SEGA performed as a standard enhanced 
EGA, with one exception: In the VGA- 
Diag test, where ali other boards gave a 
full-size screen for both the 320 by 200 by 
16-color and 640 by 200 by 16-color 
iests, the SEGA gave split screens, with 
identical half-size images appearing in 
the top and bottorn halves of the screen. 
In all, the Mitac board looks like a good 
bet if your needs are confined to the capa- 
bilities of an enhanced EGA. 

The NSF Logic Smart EGA Plus ($499) 
supports VGA modes [IH and 12H 
through its FTL video port, The docu- 
mentation also lists other boards that this 
NSI chip-set- and BIOS-based board is 
compatible with. According to the docu- 
mentation, this board is compatible with, 
and can use the drivers from, the Paradise 
Autoswitch EGA480, Video Seven 
VEGA Deluxe, Quadram Quad Pro- 
Sync!, and PCG Photon Mega. In addi- 
tion to this bounty of drivers, the Smart 
EGA Plus comes with drivers for Win- 
dows, 1-2-3, Symphony, and AutoCAD. 
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Operations 


Inquiry $82. 


EGA, CGA, 
Hercules, 
and MOA 
21-pagg 
instal'abon 
Instructions; 
2e-page 
addendum 
to DOS 
Gude 


$595 $499 
Inquiry 984. Inquiry 885. 


63-page 
installation 
and User's 
Guide 


Inquiry 983. 


The maior flaw of this board was the 
noticeable and very annoying flicker in 
the Windows and AutoCAD displays. 
The Smart EGA Pius was the only board 
to have a problem with severe flickering. 

The Paradise Autoswitch EGA480 
($349) is a half-length card that uses the 
Paradise single-chip EGA and Paradise 
BIOS to provide enhanced EGA capabil- 
ity. This board offers the same basic 
functionality as the other boards in this 
group, and it provides software drivers 
for Windows, GEM, AutoCAD, Ventura 
Publisher, 1-2-3, Symphony, Frame- 
work II, WordStar, and WordPerfect. 

The most outstanding feature of Ihe 
Autoswiteh EGA480 is its documenta- 
Gon, which is well written, professionally 
presented, and clearer than any other 
board's documentation on how the instal- 
lation procedure for each driver works, 
including the response shown on the 
screen at each step. The quality of the 
documentation make this board good for 
users who do not have a lot of experience 
installing bosrds and drivers. 

The Quadram Quad ProSync! ($395) 
supports VGA modes 11H and 12H, as 
well as enhanced EGA modes. When 1 
tested the board, which uses a Chips and 
Technologies chip set and the Phoenix 
BIOS, I found that on TORUS I got VGA 


57-page 
user's 
manual 


$395 
Inquiry 986. 


EGA, CGA, 
Hercules, 
and MDA 


52-page 
User's 
Manual 


24-page 
installation 
Guide: 20- 
page Driver 
installation 
Guide 


$499 $499 
Inquiry 987. inquiry 988. 


colors, but no color cycling, indicating 
limits to the completeness of the emula- 
tion. The Quad ProSync! comes with 
drivers for 1-2-3, Windows, AutoCAD, 
GEM, WordPerfect, and WordStar. 

My only problem with the board came 
in using AutoCAD. When STPAULS first 
appeared, the colors were dramatically 
different than those of other boards, with 
red replacing blue, and green replacing 
white. When I regenerated, the colors 
corrected themselves, but throughout the 
AutoCAD session, random characters 
would occasionally appear at the top of 
the menu section. 

The SCOA Star PGA ($399) confused 
my poor little brain. First, the box said 
"Intelligent EGA.” Next, while I would 
assume that “PGA” related to the IBM 
PGC board, this is simply another en- 
hanced EGA board that uses the Chips 
and Technologies chip set and the Phoe- 
nix BIOS, There was nothing unusual in 
thé operation of the board, but it was the 
only product I looked at that had no 
switches set at the factory. Most of the 
boards came set up for BGA graphics on à 
standard EGA monitor, but this board 
simply carne with all switches on. 

The SMT Pro-EGA ($249) is a half- 
length card that uses the Paradise chip set 
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Figure 1: In the tests for the enhanced EGA boards, Boca Research's MultiEGA and Tseng 's EVA480 were the top performers. 


and BIOS. The Pro-EGA has one switch- 


block and three jumpers on the board, 


and it comes with drivers for Windows, 
GEM, AutoCAD, CADVance, Ventura 
Publisher, Symphony, 1-2-3, and Word- 
Star. This board is one of the few that 
warranted a word about color; the driver 
for AutoCAD produced a weak red, while 
the Windows driver gave one of the rich- 
est reds of any board in the review. 

The Tatung 900 OmniCard ($399) uses 
the Chips and Technologies chip set and a 
Tatung BIOS to provide both VGA BIOS 
entry points and enhanced EGA resolu- 
tion up to 800 by 560 by 16 colors. 
Tatung provides drivers for Windows, 
GEM, AutoCAD, 1-2-3, and Symphony. 
I tested the board using the 800 by 560 
mode and found the display to be quite 
crisp and readable. Unfortunately, the 
screen in Windows and 1-2-3 was drawn 
too large (vertically) for the display, es- 
pecially annoying in Windows, when im- 
portant information (like the name of the 
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working file) was drawn off the screen. 

The Zecmar EGA Master 800 ($595) is 
an enhanced EGA half-length card that 
has software for enabling BIOS hooks for 
VGA modes 11H and 12H. The Tecmar 
board has a Genoa chip set and Tecmar 
BIOS, and it comes with drivers for Win- 
dows 1.03, GEM, 1-2-3, AutoCAD, and 
Ventura Publisher. I was surprised to find 
that, in addition to the 70-page manual 
for the board, Tecmar includes a 38-page 
Guide to Cover Removal and Replace- 
ment, showing how to take the cover off 
scores of personal computers. 

The Thomson Enhanced Graphics 
Adapter Ultra Versien ($395) is a half- 
length card that comes with a driver for 
AutoCAD and a mouse driver for the 
Microsoft InPort Mouse adapter on the 
card. Because of the presence of the In- 
Port, the EGA Ultra Version has more 
switches than most of the boards, with 
three switchblocks and four jumpers. The 
board is built around the Renaissance 


BIOS and chip set. 

The Tseng Labs EVA480 ($480) has a 
number of unusual features that set it 
apart from the other boards. Tseng offers 
a pigeyback board to allow complete 
Hercules emulation and includes a 25-pin 
serial port with the EVA480. This is a 
full-length board that uses a Tseng pro- 
prietary chip set and BIOS. 

There are drivers for 1-2-3 and Auto- 
CAD with the board, and [I found files 
that appear to be Windows drivers. There 
were, however, no instructions for in- 
stalling the Windows drivers, so I used 
the enhanced EGA driver supplied with 
Windows 1.03. The AutoCAD driver had 
the interesting feature of changing the 
menu characters to double size whenever 
they were accessed. The sudden leap in 
size was a bit jarring. 


And on to VGA 
The eight boards reviewed that fall into 
the true WGA category are the first ones 
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available. I found that the levels of perfor- 
mance and features among this group var- 
jed far more than did the features and per- 
formance of the enhanced EGA boards. 
As before, the boards are (wilh one ex- 
ception) listed in alphabetical order. 

The ATI VIP VGA ($449) and Tarung 
Platinum Card ($445) are listed together 
because they are one board sold by two 
different companies. ATI manufactures 
the boards using a Chips and Technol- 
ogies chip set and ATI BIOS. Both supply 
drivers for GEM, Ventura Publisher 1.0, 
1-2-3, AutoCAD, and Windows. 

Both boards support all VGA modes, 
and both had the sare problems with 
drivers. In AutoCAD and Windows, the 
display was drawn much too large (verti- 
cally) for the monitor to display. In Auto- 
CAD, both the coordinates at the top of 
the screcn and the current command at 
the bottom of the screen were invisible. 
in Windows, the blue bar with the work- 
ing filename at the top of the screen and 
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the green icon bar at the bottom were 
both drawn out of the display area. 

The Compaq Video Graphics Control- 
ler Board ($599) emulates the IBM VGA 
to the extent of including precisely as 
many drivers as the IBM: none. Once I 
got past that, the Paradise chip-set-based 
board worked well, but with a lot of 
noise; not the video noise that causes 
"snow" on the screen, but real audio 
noise over the computer speaker. There 
was a definite hum throughout the opera- 
tion of the board. The hum's pitch would 
change as different items were drawn on 
the screen. It was kind of fun to close my 
eyes and guess what was happening on 
the screen by the sound it made, but I 
think that the hum would get on my 
nerves in a big way over time. 

The {BM Personal System/2 Display 
Adapter ($595) is, of course, the standard 
against which all other YGA boards are 
judged. In most ways, it's not a hard stan- 
dard to meet. It comes on a Micro Chan- 


nel form-factor with a PC-bus connector. 
The board includes no drivers. Its docu- 
mentation is complete, but not exhaus- 
tive. In order to get YGA graphics, I used 
the drivers from the SigmaVGA board, 
which worked with every package but 
AutoCAD. I ran the AutoCAD test using 
the EGA driver that was packaged with 
AutoCAD. 

The SigmaVGA from Sigma Designs 
($499) is a full-length board that packs a 
lot of graphics compatibility into a single 
slot. Not only does the SigmaVGA sup- 
port all YGA modes, it emulates EGA, 
CGA, Monochrome Display Adapter 
(MDA), and Hercules as well. With one 
of these and a multiple-scan-rate moni- 
tor, graphics-incompatible software 
would be few and far between. Drivers 
for AutoCAD, 1-2-3, Windows, GEM, 
and WordStar are included with the 
board. I've tried to think of some criti- 
cism of the board, but frankly, I can't. 

The STB VGA Extra ($395) is the least- 
expensive VGA board, but it's also the 
board with the most problems. The full- 
length Chips and Technologies chip-set- 
based board includes drivers for 1-2-3, 
Symphony, Windows, and AutoCAD. It 
also has a 57-page photocopied user's 
manual. 

The problems arose in Windows and 
]-2-3. The screen display in Windows 
was drawn too large for the monitor, with 
areas of the screen getting shoved off the 
top and bottom. In 1-2-3, the problem 
arose when ] exited the package. After 
leaving 1-2-3, the screen stopped redraw- 
ing. In other words, a DOS CLS com- 
mand would take the cursor to the top left 
corner of the screen but would not blank 
the old image. It took rebooting to get re- 
drawing back. 

The VEGA VGA from Video Seven 
($499) came very close to getting à no- 
buy recommendation. The first VEGA 
VGA board that I looked at had some se- 
rious problems. In AutoCAD, large verti- 
cal white lines would flash across the 
screen any time the mouse was in motion. 
No amount of regenerating, redrawing, 
or rebooting solved this problem. 

Fortunately for Video Seven, I had re- 
ceived three of the boards, and I decided 
to look at another, to see if the problems 
were endemic to the VEGA VGA or par- 
ticular to one board. I'm glad I did, be- 
cause the problems seem to have been 
with one board, and the VEGA VGA does 
a couple of nice things. First, Video 
Seven has put VGA graphics into a half- 
length card format, which makes it the 
smallest board of the VGA group. Next, 
the company provides software that can 
automatically load the ROM code into 
faster RAM for better performance. 

continued 
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EGA AND VGA BOARDS 


C Infe : Quadram Tecmar 

ompany ormation One Quad Way 6225 Cochran Rd. 
Norcross, GA 30093 Cleveland, OH 44139 

American Mitac Corp. IBM (404) 923-6666 (216) 349-0600 

410 East Plumeria Dr. 900 King St. 

San Jose, CA 95134 14515 Rye Brook, NY 10573 SCOA Systems Thomson 

(418) 432-1160 (914) 934-4793 2100 Golf Rd., Suite 100 573] West Slauson Ave. 
Rolling Meadows, IL 60008 Suite 111 

ATI Technologies Intelligent Graphics Corp. (312) 640-8782 Culver City, CA 90230 

3761 Victoria Park Ave. 4800 Great America Pkwy. (213) 568-1002 

Scarborough, Ontario Suite 200 Sigma Designs 

Canada M1W 3S2 Santa Clara, CA 95054 46501 Landing Pkwy. Tseng Laboratories 

(416) 756-0711 (408) 986-8373 Fremont, CA 94538 10 Pheasant Run 
(415) 770-0100 Newtown, PA 18940 

Boca Research Inc. Logitech (215) 968-0502 

6401 Congress Ave. 6505 Kaiser Dr. SMT 

Boca Raton, FL 22487 Fremont, CA 94555 1145 Linda Vista Dr. Video Seven 

(305) 997-6227 (415) 795-8500 San Marcos, CA 92069 46355 Landing Pkwy. 
(619) 744-3590 Fremont, CA 94538 

Compaq Computer Corp. NSI Logic Inc. (415) 656-7800 

20555 FM149 Cedar Hill Business Park STB Systems Inc. 

Houston, TX 77070 257B Cedar Hill Rd. 1651 North Glanville Zenith Data Systems 

(713) 370-0670 Marlborough, MA 01752 Richardson, TX 75081 100 Milwaukee Ave. 

(617) 460-0717 (214) 234-8750 Glenview, IL 60025 

Genoa Systems (312) 699-4839 

73 East Trimble Rd. Paradise Systems Tatung Co. of America Inc. 

San Jose, CA 95131 99 South Hill Dr. 2850 E] Presidio Dr. 

(408) 432-9090 Brisbane, CA 94005 Long Beach, CA 90810 

(415) 468-7300 (213) 979-7055 


For 386 FX POWER! 


ADVANCED LOGIC RESEARCH 
3662 Model 10 


* 80386-16mhz (20mhz Optional). 
* 1MB of 32-bit RAM (80ns); 

| * Expandable to 2MB on board. 
* 1 Serial/ 1 Parallel Ports. 

* Floppy Controller. 

*1 1.2MB Floppy Drive. 

* $01 Professional Keyboard. 

* Phoenix Blos. 


W.P. Electronics, Inc. 
800-962-6778 Order Line 
8AM - 5PM Pacific Time | 


| 555 S Palm Canyon Dr #A110-342, Palm Springs, CA 92264 
619-320-6500 In CA. 


These are only some of our selections! 
Ask and we'll send you a FREE CATALOG! 


Our Other Quality Brands: 


‘80367 and 80287 Sockets. | Aldus Dest lomega Okidata 
*8 Slots. : Amdek Diconix Irwin Paradise 
AT&T Epson Lolus Pius Devipmt. 
aan er Bh pun 386/2 Ansa Hayes Microsoft Ricoh 
Mod " 20m ! n Ashton-Tate Hercules NCR Saagate 
Other Too! now avallable!!! AST Hewlett-Packard NEC Western Digital 


COMING SOON: “Flex Cache" Models From ALR!! Compaq IBM Novell Zenith 


COMPAQ and ZENITH 


Deskpro 286-1 AK 2-181 Laptop 
Deskpro 286-20 $245 $1549 
Deskpro 286-40 2999 2-183 10MB HD 
Deskpro 386 Systams $Call $2075 
Portable Ill-20 $3599 7-1834 20M8 HD 
Portable Iil-46 $4175 $2287 
Portable 386 Systems — $Cal! 1200Bd Int.Modem 
Compag RAM Upgrades $Call $199 
Compaq Accessories $Call Carry Case $59 


ncregible ` oft ware and Hardware Values: 
Xerox Ventura Publ. $459 Novell Arcnet Starter Kit $2299 
Aldus PageMaker $415 Lolus 123 $299 
PARADISE VGA BOARD $Cal! HP LaserJet Il w/Toner $1695 
ATI VGA BOARD $289 HP 7475A Plotter $1239 
VIDEO & VGA BOARD $Call HP ScanJet w/PC Iniríc. $1385 


Prices soum are for prepayment. ‘Prices are subject to change without notice. 
Some iiems are in short supply, FOB Palm Springs, CA. We accept MC/VISA 2% 
extra; COD onfers 2% extra. 20% Restocking Fee. Volume Inquiries Welcome. 
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Time is of the essence. The 
essence of the HP DraftMaster Plotter. 
The fastest A to E size drafting plotter 
made by Hewlett-Packard. A plotter 
So fast, any designer can create big 
ideas at blinding speeds. 

How did we do it? With unsur- 
passed acceleration. And features 
like a new pen-sorting algorithm. 
Bi-directional plotting. And a very fast 
resident micro-processor. We even 
offer a model with roll-feed for non- 
stop plotting. 

But the HP DraftMaster doesnt 
Sacrifice output quality for its blinding 
speed, Every plotter is thoroughly 
tested to ensure the highest reliability 
and precision. So you get smooth 
arcs, straight lines and perfectly- 
formed characters, time after time. 
Furthermore, it handles a variety of 


pens on drafting film, vellum or paper 
—all at optimal speeds. 

Naturally it works with just about 
any computer. Like the HP Vectra PC 
and IBM PCs. As well as popular 
PC-CAD software like AutoCAD 
and VersaCAD. And the DraftMaster 
brings with it HP’s worldwide reputa- 
tion for quality. Prices start at just 
$9,900* 

Why wait? For a brochure and a 
sample plot, cail us at 1 800 367-4772, 
Ext. 901A. 


The drawing shown below was producod on the 
HP Draft Mastar with AutoCAD software 


CA] Pacano, 
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How to create monumental plots 
ina matter of minutes. 
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EGA AND VGA BOARDS 


E] Draw 

E write 

D DOS DIR 

[.] AutoCAD 

Bl Lows 1-2-3 


Figure 2: Compaq s VGC Board scored best on the benchmark tests for VGA boards, followed by Video Seven's VEGA VGA. 


Video Seven includes drivers for Auto- 
CAD, Windows, and 1-2-3 with the board. 
The experience with the first board left 
me a bit leery of the VEGA VGA, but 
based on the performance and features of 
the second board, this product's a winner. 
The Zenith Z449 ($499) is a full-length 
VGA board that supports all but one of 
the VGA modes. Unfortunately, the 
mode left out (mode 13H) is the 256- 
color mode that helps make the VGA 
standard so nice. The Z449, based on the 
Chips and Technologies chip set, tries to 
make up for the missing mode by provid- 
ing lots of backward compatibility, offer- 
ing EGA, CGA, MDA, and Hercules 
support. It almost succeeds. In addition 
to the hardware features, Zenith shows 
nice attention to detail by being the only 
manufacturer to provide its drivers for 
AutoCAD, GEM, 1-2-3, Symphony, and 
Windows an both 5!4- and 34-inch 
disks. If it weren't for the missing mode, 
this would be the top board of the group. 
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The Best of a Big Bunch 

If an enhanced EGA board with no pre- 
tensions to YGA is all you need, the Mitac 
SEGA board is the clear winner on the 
basis of price. If you feel that high-qual- 
ity, detailed documentation is important, 
by all means check out the Paradise 
board. Other than these two, the en- 
hanced EGA boards offer a lot of similar- 
ities across a wide range of prices and 
secondary features. There were none that 
I would warn against. And given the cur- 
rent lack of software that supports VGA, 
these boards may be more than adequate 
for most applications. 

On the YGA side of things, one fact be- 
came quite clear: If you need VGA, buy 
VGA, not an enhanced EGA board that 
happens to have a mode or two that coin- 
cides with WGA. For one thing, you 
really need an analog display to take ad- 
vantage of VGA, and with the exception 
of the Intelligent Graphics EGAcard, 
none of the enhanced EGA boards offer 


analog. For another, the quality of the 
“VGA emulation" provided by the en- 
hanced EGA boards simply wasn't up to 
the standards of the "real" VGA boards. 

Finally, most of the VGA boards re- 
viewed here claim BIOS-level versus reg- 
ister-level compatibility with WGA. Since 
I began this review, many companies, in- 
cluding Paradise, Sigma, and others 
mentioned here, have announced boards 
that claim to be hardware-compatible 
with VGA and so able to more fully sup- 
port future YGA software and offer faster 
performance. 

But if I were in the market today for a 
VOA board, the Sigma VGA would be my 
choice. It offers complete VGA imple- 
mentation and a nice variety of drivers in 
a well-documented package. The VEGA 
VGA from Video Seven is also a top- 
notch board, with good features and per- 
formance. If you need VGA and have 
only a half-length slot open, the VEGA 
VGA is the way to go. @ 


Ah, the big idea. Everyone 
has one. But not everyone can 
afford a plotter to plot one on. 
Which got us thinking. What if 
there was an HP quality plotter so 
reasonably priced you could afford 
to hook one up to every PC CAD 
workstation in the office? 

Presenting the HP DraftPro 


Plotter. For only $4900 any architect, 


engineer or designer can create 
perfect plots time after time. 
Consider what the DraftPro can do: 
It can draw straight lines, 
smooth arcs and perfectly-formed 
characters. Allon C and D-size 
drafting film, paper or vellum, 
using eight different pen colors. 
Furthermore, it works with 


just about any PC, such as the 


HP Vectra PC and IBM PCS. As (S 
well as popular PC CAD programs S 
like VersaCAD and AutoCAD. 

If the idea of having HP ( 
reliability with a low price tag 


makes sense to you, call us now 
For a brochure and sample plot, 
call 1 800 752-0900, Ext. 901A. 

The HP DraftPro Plotter: 
high-quality drafting for only 
$4900.* 


The drawing shown below was produced on the 
HP DraftPro with VersaCAD software 
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How to pull off a fantastic 
HP plot for only $4900. 
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Insist on a 
Sysgen 5%" 
drive for 
your PS/ 


Heres why: 


A Sysgen™ Bridge-File™ gives a P5/2™ full access Sysgen's footprint ts smaller. A full 50% smaller than 
to your current data and software, with unparalleled IBM's. For the best PS/2 access to 544” disks, and the 
5'4" disk drive performance and reliability. You get: best value at only $325, insist on Sysgen Bridge-File. 
A larger capacity drive, Two modes — à 360Kb and a 
powerful 1.2 Mb — assure you comprehensive transfer cap- Sysgen offers the only complete family of data 
abilities and convenience for total office needs. Others, transfer products: [Including the 3'^" Bridge-File 
like IBM*'s, offer only 360Kb. Proven reliability. In floppy disk drive, for transferring information from any 


fact, Sysgen is the choice of over 100,000 satisfied Bridge- PS/2 to any PC. And the Bridge-Tape subsystem that's 
File and tape back-up | PC and PS/2 com- 
users. No slot loss. patible, giving you 


The Sysgen 514” total tape back-up 
drive adapter card and data transfer 
doesn't take any flexibility. 


additional slot space. 


IBM's does. Built- Call for Sysgen 


in flexibility of an literature or for 
external connector. the location of the 
You can add another Sysgen dealer 


Bridge-File driveor © nearest you. 
Sysgen's high-performance tape — -up "wem, 


Bridge-Tape" (As a Bridge-File owner, you receive a 


total savings of $135 on Bridge-Tape!) What's more, INFO HOTLINE 1-800-521-2151 


SYSGEN 


R POR A T 


Syagen Incorporsatd., 556 Gibraltar Drive, Milpitas, CA 95035, (408) 261-411. © Copyright Sysgen. Inc . [988 
Trademarks: P5/2 — IBM Corpnestion, Sysgen, Andge-Tepe, Bridge-File — Syagen, Inc. Registered cradeenarks. BM — IBM Corporation 


SYSTEM REVIEW 


The Zenith Z-386 


The Z-386 backplane design 
features an unusual approach to 
high-speed bus expansion. In 
this design, the backplane, or 
system board, serves as a power 
and bus connection system into 
which you plug other circuit 
boards. One advantage to this is 
that if a part fails, it is likely to 
be on a removable circuit 
board. The Z-386's backplane 
has two 8-bit slots, two AT- 
compatible 16-bit slots, and six 
32-bit slots, 

The Z-386, at the high end of 
Zenith's MS-DOS desktop 
computers, combines the speed 
of a 32-bit 80386 processor 
with IBM PC AT compatibility. 

The basic system comes in 
two models, differentiated by the 
amount of hard disk space: The 
Model 40 ($6499) contains a 
40-megabyte hard disk drive, 
and the Model 80 ($7499) has 
an 80-megabyte hard disk drive. 
Both models include a 16-MHz 
80386 processor, which requires 
one 32-bit slot and has a socket 
for either an 80287 or 80387 
math coprocessor; a Z-505 memory 
board containing | megabyte of two-wait- 
state 100-nanosecond RAM (it requires 
one 32-bit slot); a 1.2-megabyte floppy 
disk drive and one of the hard disk drives 
(the disk controller requires one 16-bit 
slot); an I/O board containing one serial 
port and one parallel port (the board re- 
quires one 32-bit slot); a 31.5-kHz video 
display board, which occupies one 8-bit 
slot and includes EGA, CGA, and Her- 
cules hardware and software support; and 
five additional expansion slots—one 8- 
bit, one 16-bit, and three 32-bit slots. 
The basic system also includes MS-DOS 
3.2 and Microsoft Windows/386. 

You can expand memory in either l- 
megabyte incrernents with the Z-505 
memory card ($699) or 4-megabyte in- 
crements with the Z-515 memory card 
($2199); each card of either kind requires 


Ed McNierney 


Faster than the PS/2 


Model 80 and fully compatible 
with the IBM PC AT 


one 32-bit slot. You can provide the 
Z-386 with a maximum of 16 megabytes 
of RAM by filling the three remaining 
32-bit slots with Z-515s and substituting 
another Z-515 for the Z.-505 ihat comes 
with the basic system. 

You can add Zenith's optional 7-525 
64K-byte, zero-wait-state, 40-ns cache- 
memory board ($599), which requires a 
32-bit slot, and you can add another 1.2- 
megabyte or 360K-byte floppy disk 
drive, as well as another hard disk drive. 
The Z-386's 195-watt power supply and 
disk controller provide all the power and 
cabling necessary to support two floppy 
disk drives and two hard disk drives 
without upgrading or requiring additional 
expansion siots. 

The system I reviewed was a 7-386 
Model 80 with a 1.2-megabyte 54-inch 
floppy disk drive, an 80-megabyte hard 


disk drive, the Z-449 video 
display board, and Zenith's ex- 
cellent ZVM-1380-C 13-inch 
EGA color monitor ($799). The 
review system also came with 
the optional 64K-byte cache 
memory board to cache the en- 
tire address space. Adding this 
optional board boosts system 
performance, as the bench- 
marks will show. 


The Hard Facts 

The Z-386 has a modular de- 
sign based on Zenith's familiar 
"backplane," with plug-in 
components including the 
CPU, system memory. disk 
controllers, and standard I/O 
services. Most 80386 micro- 
computers feature at least one 
32-bit expansion slot into which 
you can add fast peripherals 
such as memory. However, 
many slot designs are propri- 
etary, and 32-bit hardware de- 
signed for one system can't be 
used with another. Much of the 
time, you can use these 32-bit 
slots only with special 32-bit 
circuit boards; if you are running out of 
slots, you may not be able to use a stan- 
dard IBM PC or AT peripheral device in 
an unused slot. 

While the 32-bit bus layout for the 
Z-386 is also proprietary, it is designed 
to be an extension of the AT's 98-pin con- 
nector. The 16-MHz, 32-bit, 160-pin 
slots can accept Zenith peripheral boards 
as well as AT-compatible boards, Those 
AT boards containing descenders—that 
is, portions of the board that drop down 
beyond the edge connector to gain more 
board space— won't fit, because the de- 
scenders hit the connector on the 27-386. 
continued 


Ed McNierney is a principal engineer at 
Lotus Development Carp. You can con- 
tact him at 54 Pleasant St., Groton, MA 
01450, or on BIX as "mced. " 


MARCH 1988 - BYTE HS 


Zenith 2-385 Model 80 


Company 

Zenith Data Systems 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(312) 899-4800 


Components 

Processor: 16-MHz Intel 80386; socket 
for optional 80287 or 80387 math 
coprocessor 

Memory: 1 megabyte of two-wait-state 
RAM, expandable to 16 megabytes; 64K 
bytes of cache memory optional 

Mass storage: One 1.2-megabyte 5'4- 
inch floppy disk drive; one 80-megabyte 
hard disk drive; expandable to one 
more floppy disk drive and one more 
hard disk drive 

Display: MDA, CGA, Hercules, EGA, 
Enhanced EGA, and VGA 

Keyboard: Modified 101-key enhanced 
keyboard layout 

I/O interfaces: One serial port; one 
parallel port; five free slots: one 8-bit slot, 
one 16-bit slot, and three 32-bit slots 
Other: Real-time clock/calendar with 
battery, 195 watts; 110-/220-voll 
Switchable power supply; one year 
carry-in warranty 


Size 
6V2 by 21 by 16% inches; 38 pounds 


Software 
MS-DOS version 3.2; Microsoft 
Windows/386; Video Drivers software 


support 


Options 

80287 math coprocessor, $525 
80387 math coprocessor: $1199 
2-505 1-megabyte RAM expansion 


2-§15 4-megabyte RAM expansion: 
$2199 

2-525 64K-byte cache memory: $599 

40-magabyte hard disk drive; $1699 

BO-megabyta hard disk drive: $1999 


Documentation 

130-page High-Performance 

Workstation Owner's Manual, 475-page 
MS-DOS Version 3.2 User's Guide and 
User's Reference, 20-page Video Drivers 
installation Guide; 46-page MS-DOS 
Version 3.2 Quick Reference Guide 


Price 
Modal 40; $6499 
Model B0: $7498 


Inquiry 885. 
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REVIEW: THE ZENITH Z-386 


PS/2 
Model 80 


Dhrystone" 
Fibonacci 
Float 
Savage 
Sieve 

Sort 


DISK ACCESS IN BASIC (IN SECONDS) 
WRITE READ 


ac 


BASIC PERFORMANCE (IN SECONDS) 
SIEVE | CALCULATIONS 


RECALCULATE 
o 


4 10 M 20 2 


SYSTEM UTILITIES (IN SECONDS) 
40K FILE COPY 


Q 5 tO 15 20 25 


aem ZENITH 2-386 


em IBM PS/2 MODEL 80 
as COMPAQ DESKPRO 388 
um (BM PC AT (8 MHZ) 


The table contains the results of C language benchmarks (see "A Closer Look" by Rich- 
ard Grehan in the September 1987 BYTE). All times are (n seconds, except for the Dhry- 
stone, which is in Dhrystones per second. The Disk Access benchmarks write and then 
read a 64K-byte sequential text file to a hard disk. Sieve runs one iteration of the Sieve of 
Eratosthenes. Calculations performs 10,000 multiplication and division operations. The 
Spreadsheet tests load and recalculate a 100-row by 25-column Multiplan (1.06) spread. 
sheet, The 40K File Copy benchmark copies a 40K-byle file on the hard disk. All BASIC 
benchmark programs were run with MS-DOS 3.20 and GWBASIC 3.20 on the Zenith Z- 
386 Modet 80; PC-DOS 3.3 and BASICA 3.3 on the P3/2 Modet 80 and PC AT; and 
Compaq DOS 3.1 and Compaq BASIC 3.11 on the Deskpro 386. 


REVIEW: THE ZENITH Z-386 


However, most AT boards will fit, and 
the added flexibility is convenient. 

The Z-386 features standard EGA- 
compatible graphics that can send video 
outpul to a variety of different monitors. 
In addition to supporting MDA, CGA, 
Hercules, and EGA monilors, the Z-449 
video adapter can drive a 31.5-kHz ana- 
log monochrome or color monitor, such 
as those supported by IBM's PS/2 con- 
puters. The Z-449 directly supports a 
special EGA-like 480-line display on 
VGA analog monitors, and Zenith pro- 
vides a disk of video drivers to support 
the 480-line mode in Lotus 1-2-3, Lotus 
Symphony, AutoCAD, GEM, and Micro- 
soft Windows. [Editor's note: For further 
discussion of the Z-449, see “Enhanced 
EGA and VGA Boards" by Curtis Frank- 
lin Jr. on page 102 of this issue.] 

On the rear of the system unit are two 
sockets for monitors: one for a VGA or 
compatible monitor and one for the other 
supported monitors. The sockets are easy 
to differentiate, however: The VGA 
monitor socket has 15 pins in three rows, 
and the other has 9 pins in two rows. In 
olher words, the plug on your monitor 
will fit only in the appropriate socket, so 
there's no chance of mixing them up. 

When I connected the monitor to the 
system unit, il displayed only a solid 
white screen. Even though the review 
system came with an EGA monitor, Ze- 
nith configured the system at the factory 
to support an analog YGA monitor. Í 
solved the display problem by setting off 
video DIP switch 6 (accessible from the 
outside of the unit) —but only after 
searching the documentation for the solu- 
tion and finally finding it in Chapter 4 of 
ihe owner's manual. I think Zenith 
should include information addressing 
cammon setup problems in the "Getting 
Started" chapter at thc front. 

The on/off switch for the monitor is on 
the front; it is a push bution labeled ''1/0, ” 
The monitor also has a feature | haven't 
seen before; On the front is a three-posi- 
tion dial that lets you choose either the 
standard color output (black and white 
for text at the default settings) or moro- 
chrome output in amber or green. 

Zenith's enhanced lO1-key keyboard 
closely emulates the 101-key layout used 
on IBM's PS/2 and AT computers, and it 
has a soft touch with an audible clicking 
feedback system in the keyboard unit it- 
self. Zenith has made one change to the 
IBM layout: Instead of placing the back- 
slash (i) key to the left of the single- 
width Backspace key, as IBM does, Ze- 
nith has enlarged the Backspace key to 
double-width and placed the backslash 
key to the right of a truncated right Shift 
key. It’s a small change, but I find it diffi- 
Cult to switch between layouts. 


On the positive side, the Z-386's key- 
board feamres a well-designed acceler- 
ated key-repeat feature. When you press a 
key and hold it down, it begins to repeat 
at a standard rate; but the longer you hold 
it down, the faster il repeats, making long 
cursor movements convenient and rapid. 

You can use the keyboard with either 
AT- or XT-compatible computers; there 
is an AT/XT switch under the nameplate 
on the upper left. The keyboard comes 
sel up for AT compatibility, and if you 
wish to use XT compatibility, you aeed to 
add appropriate firmware and change the 
switch setting. 


The Software Scene 

In addition to MS-DOS 3.2 and Micro- 
soft Windows/386, the Z-386 comes with 
a ROM-based Monitor program that pro- 
vides access to: a Setup/Configuration 
program that lets you configure your sys- 
tem from the keyboard; a Test program 
that has extensive disk-read, keyboard, 
base-memory, éxpansion-memory, and 
power-up diagnostic tests; a series of de- 
bugging tools, including Eaddress (ex- 
amine mémory), Iport (input from 
port), R[register] (examine register), 
T[count] (trace program), and 
U[range) (unassemble program), where 
brackets denote an optional parameter. 
To activate the Monitor program, you 
press Cirl-Alt-Insert. 

The Z-386 provides a flexible disk- 
boot mechanism. The Setup/Configura- 
tion program leis you tell the system 
where to look for its bootstrap record; 
you can choose to boot automatically 
from the floppy disk or the hard disk, or 
from the floppy disk when it is mounted 
and from the hard disk when it isn't. You 
can also choose to have the system come 
up displaying the Monitor program's 
prompt, at which time you can boot from 
whatever drive you wish with the boot 
command B[ parameters]. 

Although the Z-386 comes with Ze- 
nith's version of MS-DOS 3.2, the oper- 
ating system is not preinstalled on the 
hard disk. When I first powered up the re- 
view system (after setting the DIP 
switch), the screen displayed the error 
message Not a bootable partition. 
The "Getting Started" section of the 
owner's manual explained that at this 
point you reset the computer with the 
Crl-Alt-Insert combination to go to the 
Monitor program. From there, you 
mount the first MS-DOS disk and enter 
B F (which stands for “boot from flap- 
py”). The boot sequence on the floppy 
disk initiates the MS-DOS SETUP utility. 

This reveals a couple of problems thal 
Zenith could easily have avoided. First, 
SETUP is not the same as the Setup/Con- 
figuration program, but Zenith doesn't 


tell you that there are two different pro- 
grams involved. This is confusing; you 
think you're going to enter the Setup/ 
Configuration program, but you aren't, 
So, any attempt to jump ahead can easily 
put you in the wrong place. For instance, 
if at the monitor prompt you select the op- 
tion for the Setup/Configuration pro- 
gram, you have actually bypassed the 
SETUP utility, and your hard disk has not 
been formatted. Thus, you can find your- 
self in quite a mess. A different name for 
one of the programs would have avoided 
this confusion. 

Second, Zenith has set the system to 
automatically try to boot up on the hard 
disk. This doesn't make much sense 
when you consider that thc hard disk 
doesn't contain an operating system; in 
fact, it isn't even formatted. It wouid 
make more sense to set the initial system 
default to boot from the floppy disk. 

The SETUP utility formats your hard 
disk and transfers your system to it, if you 
wish, through a user-friendly conversa- 
tional interaction. The hard disk comes 
unformatted with one partition. [f you 
want more than one, you can use the MS- 
DOS PART utility to set them up. SETUF 
tells you when to exit and execute PART, 
and the two utilities give you instructions 
on all the procedures you need. 

You can also use some other MS-DOS 
utilities if you need to modify the hard 
disk organization and protections. You 
can use DSKSETUP and ASGNPART to 
create more than one MS-DOS partition 
and assign disk drive letters to those par- 
titions. Then you can format the parti- 
tions with the MS-DOS FORMAT com- 
mand to make them usable and bootable. 

The DSKSETUP utility adds a conve- 
nient feature to the hard disk layout: for- 
Mat protection. With DSKSETUP, you can 
protect each partition on the hard disk 
from accidental reformatting; only an- 
other DSKSETUP command can release the 
protection and allow the disk to be refor- 
matied. ASGNPART lets you assign the 
connections between MS-DOS disk drive 
letters and the logical disk partitions 
created by DSKSETUP. Parutions can all 
receive flexible name assigaments. 

Zenith's version of MS-DOS includes 
a number of custom software utilities, in- 
cluding APPLY (to execute a command re- 
peatedly while varying a specific param- 
eter); CONFIGUR (to tell the system the 
correct protocol to use for a serial or par- 
allel device and display the system con- 
figuration): FC (to compare two files and 
send any differences it Finds 1o the screen 
or to another file); RTCLOCK (to read the 
real-time clock and set the MS-DOS 
clock to that date and time, and reset the 
real-time clock}; SEARCH (to scan a disk 

continued 
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Circle 103 on Reader Service Card S i 
WHAT WOULD YOU DO WITH 


MODEMS ON A SINGLE PC? 
HOW ABOUT 64? 


* Up to 16 modems on one single-slot plug-in cand 

* Up to 64-user capability simultancous & interactive 
* Runs on any PC compatible under MS-DOS V3.X 
* User-modifiable C soure code included 

* Menu-oriented operation 

* Complete accounting capability w/audr ira! 

” Extensive SYSOP displays 

a Powerfail-protected data 

r "Midnite-Clearup" feature 

a Full one year warranty on homdware 


Mega BBS applications 
on Microcomputers 


* Insurance Clams Procexung 
* Multiple Listing Services 

» Field Quotes 

* Sales Office Commanications 
* Reservalions Services 

+ SIG Confemnees 

» Stock Prices 

* Telephone Directones 

* Travel Agency Services 

» Yellow Pages 

+ Surveys/Polling 

* Muhi-Player Games 


* Classified Advertising Svcs 
* Educatiumal Services 
* Banking/Financial Sererces 
- Brokerage Services 

| *Cusiomer Service 


BREAKTHROUGH! 


Combine our single-slot card with our sophisticated 
BREAKTHROUGH software and you have a BBS that. 


performs like a mainframe on a 286/386 machine... 


with only one cable coming out the back! Completely | 


self-contained, with no external hardware necessary, | 


the system is extremely reliable, flexible and fast. 
Successfully in use at over one hundred installations. 
BREAKTHROUGH allows up to 64 users to interact 
with each other and with the system simultaneously. 
Up to 16 modems are available on one single slot card. 
Extensive and growing third party developer suppori 
offers a wide variety of applications for many fields. 
The only way to experience our BREAKTHROUGH 
is by trying it yourself. For $59.00 we'll rush you à 
copy of The Major BBS (our multi-user Bulletin Board 
System), the C source, and a 175 page book explaining 
the system, This includes everything except the single- 
slot modem card and the low-level "device driver" 
object library package. Single slot modem cards are 
available separately in a variety of configurations and 
with any number of modems (up to 16) thai you may 
require. 


Subs/SR3-S990 


‘@GALACTICOMM 


The Leader in BBS for ihe PC 
4101 SW 47th Avemre, Suite IOl Fort Lauderdale. FL. 33314 
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and display all files that match the input 
specification); ZCOM (to use a modem or 
direct serial communications to transfer 
files between two computers); and 
ZSPOOL (to create a print buffer in either 
conventional or expanded memory). 

In addition, the Expanded Memory 
Specification device driver, EMM.SYS, 
comes on the MS-DOS distribution disk. 
You can set up as much of your memory 
as you wish to be EMS memory, as long 
as your first memory card reserves at 
least 640K bytes as system memory, 

The Z-386 is completely AT compat- 
ible, running all the tested software and 
hardware without any problems, includ- 
ing Microsoft Windows version 1.03, 
Lotus 1-2-3 version 2.01, SideKick ver- 
sion 1.56A, the Microsoft bus Mouse 
version 6.10, the Everex Evercom 1200- 
bit-per-second modem, and Lotus Manu- 
script version 1.0. As is common with 
80386 systems, the Z-386, via the Setup- 
/Configuration program, lets you select 
one of three operating speeds: Slow, 
which is a constant 8-MHz operation; 
Fast, a constant 16-MHz operation; or 
Smart, in which the CPU runs at 16 MHz 
for processing and slows to 8 MHz for 
disk I/O operations. The default mode, 
Smart, lets you install (and deinstall) 
copy-protected software, such as Lotus 
1-2-3 version 2.01, on the hard disk 
without difficulty. 

[Editor's note: While we were working 
with the Z-386, the system hung on two 
separate and unrelated occasions. We 
could enter nothing, and we got no re- 
sponse; we couldn 't even reboot. We had 
to turn the machine off and then on again 
io free it. We also couldn't re-create the 
situations. Thus, we have no idea wheth- 
er this is a recurring problem or a fluke. | 


On the Bench 
Zenith's literature claims a 40-millisec- 
ond average access time for the 80-mega- 
byte hard disk drive, but Core Interna- 
tional's Coretest utility measured a much 
more respectable 27-ms average seek 
time, with track-to-track seeks requiring 
only 4.3 ms. The drive also performed 
well on ihe disk-transfer-rate test, with a 
transfer rate of 205.5K bytes per second. 
The EGA display system ran all tested 
graphics software, including Microsoft 
Windows versions 1.03 and 2.0 and PC 
Paintbrush Plus version 1.0, with no 
problems. Video memory required 30 
wait States for each access, but this is not 
unusual for an EGA board running in à 
16-MHz 80386 machine. As 32-bit ma- 
chines become more common and users 
become more demanding of graphical in- 
terfaces, EGA-compatible hardware will 
need to be redesigned for higher speed, 
so that it fits more appropriately with the 


performance of the rest of the system, 

BYTE's BASIC benchmarks show that 
the Z-386 without its optional cache 
memory is generally comparable to other 
80386 machines; its performance is 
slightly slower in some tests and slightly 
faster in others. 

The Z-386 becomes more impressive 
in the C benchmarks, which are more in- 
dicative of computing power and ability 
among the 80386 machines. Without its 
optional cache, the Z-386 exceeds the 
performance of the IBM PS/2 Model 80 
by 5 percent on the Dhrystone test, and it 
beats that of the 16-MHz Compaq Desk- 
pro 386 by 2 percent. With the cache 
memory, these figures jump to 14 per- 
cent over the PS/2 and 10 percent over the 
Compaq (and an 8 percent increase over 
the Z-386 without the cache). 

On the Fibonacci test, the Z-386 shows 
a slight edge over the Model 80 and a 
speed equal to the Compaq's. Adding the 
cache boosts performance by about 8 per- 
cent. The review system didn't have a 
floating-point coprocessor, so the Float 
and Savage benchmarks indicate only that 
if you do many floating-point or transcen- 
dental calculations, you will want one. 

On the Sieve test, the Z-386 shows a 10 
percent improvement over the Model 80 
and a smal] (2 percent) improvement over 
the Compaq. The Sort benchmark is the 
only one in which the Z-386 falls behind 
the others. It lags behind the Model 80 by 
4 percent, and behind the Compag Desk- 
pro by a whopping 44 percent. The cache 
memory boosts the Z-386's Sort time by 
16 percent, however. 

Coupled with Zenith's reputation for 
service and reliability, the benchmarks 
overall indicate that the Z-386 is an excel- 
lent machine to use as an 80386 comput- 
ing platform. They also indicate that the 
additional expense of the Z-525 64K-byte 
cache memory board is well worth the 
performance boost it provides, 


An Outstanding Machine 

The Zenith Z-386 is a powerful machine 
and a sound value for your computing 
dollar. Its compatibility with the PC AT 
is flawless, and its performance is among 
the best in its class. lts raw computing 
horsepower is made even more useful by 
Zenith's unusually helpful assortment of 
ROM and MS-DOS utility software. 

The manual could be better organized 
and some of the setup choices more logi- 
cal. However, these things bothered me 
partly because the Z-386 is such an out- 
standing machine: It's frustrating to have 
a terrific machine at your fingertips and 
then have a struggle setting it up. Take 
the instructions slowly and carefully, and 
don't try to jump ahead, and I think you'll 
avoid the troubles I had. @ 


Circle 262 an Reader Service Card — 


For just $599* the new 965 gives 
you ASCII, ANSI and IBM* PC com- 
patibility in one terminal. 

The new 965's versatility is 
unparalleled. It supports 23 ter- 
minal emulations, more than any 

other model in its class. You even 
get your choice of ASCII, ANSI or 


IBM Enhanced PC keyboard styles. 
There's a 14" flat display in 
green or page-white with crisp, clear 
characters in a high-resolution 10x16 
matrix. A 2-position keyboard with 

a true accounting keypad, 20 user- 


Incredible Display Of Power And Versatility 


programmable editing keys, and 
128 programmable function keys. 

The 965 can display up to 49 
data lines, enough to show large 
spreadsheets or two normal display 
pages of text at the same time. No 
other terminal this affordable can 
do that. 

The 965's state-of-the-art single 
board design uses a 16-bit CPU and 
sophisticated gate array to give you 
a high-performance, very reliable 
terminal with a full one-year end- 
user limited warranty. 


uil fasi rac ba bur C ot pati 


"Gagre Reisil Peg 


The 965. A whole new look 
in terminals from TeleVideo. Call us 
toll-free or write today for more 
information. 

TeleVideo Systems, Inc., 
1170 Morse Ave., Sunnyvale, CA 
94088-3568. 


TeleVideo 


THE VISION YOU NEED TO SUCCEED 


Call 1-800-835-3228 


@ — There's nothing like InSight™ A feature 
of the new 8620 that lets you actually watch 
your program go through its paces. So you 
can debug faster. And speed up microprocessor 
development. For demanding applications like 
the automotive controller shown. 


= — Anexciting industry first, InSight blends 
analyzer/emulator techniques to give you 
continuous, real time monitoring of key pro- 
cessor functions. See changing register contents, 
1/0 lines, ports, user-defined memory win- 
dows. With your own labels. And all at once. 
Interactively. 

Without stopping 

your program. 


Introducing UniLab 8620 analyzer-emulator with InSight. 
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B — InSightis made possible by the 8620's 
advanced bus state analyzer, its 27 30-bus-cyde 
trace buffer, and a new high-speed parallel 
interface that eliminates RS-232 bottlenecks. 


B The fast interface also speeds data 
throughput. From your hard drive, you can 
load a 64K program into emulation memory 
in five seconds. 


M On top of that, you get a new, crystal- 
controlled 1 usec clock for super precise 
event timing. 


Circle 191 on Reader Service Card 


WATCH WHAT YOU'RE DOING. 


= Computer integrated instruments from 
Orion prove debugging needn't be costly or 
tedious. For more than 150 processors. Like all 
our analyzer-emulators, the 8620 debugs by 
symptom, Via advanced truth tahle triggering. 
Always included is enough breakpointing 
and single stepping ( now faster than ever) 
lo assure optimum efficiency. We even provide 
a stimulus generator and built-in EPROM 
programmer to help finish the job. 

Get serious about price/performance. 
Save big on design, test, and support costs. 
Unilab 8620 analyzer- emulator. 
B Look inte it. 


Toll free: 800/245 -8500. In CA: 415/361-8883. 


Computer Integrated Instrumentation 
702 Marshall Street, Redwood City, CA 94063 
Telex: 530942 

*InSiph is a trademark of Orion Instruments, tne. 


SYSTEM REVIEW 


NEC PowerMate 2 
and HP Vectra ES/12 


The NEC APC IV PowerMate 2 
and the Hewlett-Packard Vectra 
ES/12 represent two of the best 
of a generation of microcom- 
puters that are based an IBM 
PC AT compatibility and the 
80286 CPU. Both NEC and HP 
apparently believe that com- 
puters based on the 80286 have 
not reached the end of their de- 
velopment. The companies of- 
fer the PowerMate 2 and the 
Vectra ES/12 as the best price/ 
performance solution for many 
business and personal needs. 

The Vectra and the Power- 
Mate both have dual-speed 
80286 processors: The Power- 
Mate can be switched between 
10 MHz and 8 MHz, and the 
Vectra runs at 12 MHz or 8 
MHz. The machines are more 
than adequate for nearly all the 
needs of the average microcom- 
puter user. Furthermore, they 
are compatible with the multi- 
tude of software and hardware 
developed for the IBM PC AT. 

The PowerMate ] reviewed 
had |] megabyte of 120-nano- 
second and 150-ns RAM; the 
Vectra had 640K bytes of 120- 
ns and 100-ns RAM. They both came 
with EGAs and monitors and high-per- 
formance hard disk drives: The Power- 
Mate had a 67-megabyte drive, and the 
Vectra had a 40-megabyte unit. The 
PowerMate also came with an optional | 
megabyte of extended RAM. In these en- 
hanced configurations, the PowerMate 
costs $5595, and the Vectra $5535. 

The basic version of each computer 
comes with one 1.2-megabyte 5'4-inch 
floppy disk drive, a floppy disk/hard disk 
drive controller cand, and 640K bytes of 
RAM. In these versions, the PowerMate 
costs $2595 and the Vectra is $2995. 


Internal Circuitry 
Both computers use very-large-scale inte- 
gration (VLSI) chips from Chips and 


John Unger 


Two mature AT-compatible 
designs that offer higher speed 


and greater reliability 


The NEC PowerMate (left) and HP Vectra (right). 


Technologies (C&T). The Vectra uses 
five of these surface-mounted packages 
on its motherboard, and the PowerMate 
uses six. The optional EGAs that were 
part of my review systems each used (wo 
of these C&T packages. VLSI packages 
reduce the total chip count in the com- 
puters and allow a cleaner design. Like 
many other AT clones, both use Phoenix 
Technologies’ ROM BIOS— firmware 
well known for its compatibility with the 
IBM operating-system ROM. 

In addition to five 16-bit and two B-bit 
expansion slots (the disk controller occu- 
pies one of the 16-bit slots, and the EGA 
card fills one of the 8-bit slots), the Vec- 
tra'$ motherboard holds a special ex- 
panded memory slot, which can only be 
used for an optional Vectra ES expanded 


memory card. This slot looks 
like an 8-bit slot, but the board 
connector has been moved for- 
ward on the motherboard. The 
slot can't be used for standard 
PC expansion boards. You can 
populate the expanded memory 
board with up to 8 megabytes. 
The slot runs at 12 MHz, rather 
(han 8 MHz like the other slots 
on the expansion bus; this factor 
gives the Vectra faster memory 
I/O for those applications that 
use expanded memory. 

The PowerMate has six 16- 
bit expansion slots and two 8-bit 
slots on its motherboard. The 
PowerMate's disk controller 
card occupies one of the 16-bit 
slots, and the EGA card fills 
one of the &-bit slots. The op- 
tional NEC memory board that 
I installed in my review ma- 
chine fits in one of the [6-bit 
slots. This board comes with 
18 256K-bit by 8-bit 120-ns 
RAM chips soldered to it, for a 
total of 512K bytes of additional 
memory. Three more memory 
kits consisting of 18 256K-bit 
RAM chips may be added for a 
total of 2 megabytes of RAM for 
each board. You can add a total of five 
fully populated boards to each 
PowerMate. 

The PowerMate features a zero-inser- 
tion-force (ZIF) socket for its 80286 pin- 
grid-array CPU, This makes removing or 
replacing the chip very easy. 

Both systems let you switch speeds 
either from the keyboard or with simple 
software commands. I had no difficulty 
switching speeds on either computer, 
even in the middle of a program. The 


connnued 


John Unger is a geophysicist for the U.S. 
government. He writes graphics software 
and uses computers to study the earth 's 
crust. You can reach him at P.O. Box 95, 
Hamilton, VA 22068. 
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PowerMate has a convenient LED indica- 
tor on the front panel that lights when the 
computer is running in the high-speed or 
l0-MHz mode. The Vectra gives onc 
beep when you shift to 8 MHz, and two 
beeps when you go to 12 MHz. Each 
computer's motherboard has a socket for 
an optional 80287 numeric coprocessor. 


Storage 

The PowerMate's larger size provides 
room for five half-height storage devices. 
The Vectra has a more conventional lay- 
out, with space for three half-height stor- 
age devices. 

The hard disk drive that came with my 
PowerMate was NEC's D5452, a high- 
performance 67-megabyte model with a 
data transfer rate of 247.4K bytes per 
second, an average seek time of 25.3 mil- 
liseconds, and a track-to-track time of 
6.3 ms, according to the Coretest pro- 
gram. Vectra's 40-megabyte Seagate ST- 
251 hard disk drive is only slightly 
slower: It has a data transfer rate of 
244.7K bytes per second, an average seek 
ume of 26.7 ms, and a track-to-track time 
of 10.5 ms. 

Because MS-DOS 3.2 does not sup- 
port a logical disk drive larger than 32 
megabytes, I partitioned the 67-megabyte 
drive into two 32-megabyte drives and 
one J-megabyte drive. The utility setup 
and formatting programs that came with 
the Vectra and the PowerMate were easy 
to follow, and getting the hard disks set 
up properly was not difficult. 

The Vectra comes with HPCACHE, a 
disk-caching utility program for the com- 
puter's hard disk. This versatile program 
lets you set aside either normal or EMS 
memory as a cache. Disk-cache routines 
such as HPCACHE can improve the overall 
performance of your system, particularly 
if you use software that frequently ac- 
cesses the hard disk—such as a program 
that uses overlays or a compiler that 
stores and retrieves intermediate tempo- 
rary files as it compiles source code. In 
use, the cache provided a 10 percent to 40 
percent improvement in the benchmark 
results. 

The Vectra and PowerMate disk con- 
troller cards come with cabling and con- 
nectors for a total of two floppy disk 
drives and two hard disk drives. This set- 
up gives you a variety of possible combi- 
nations of hard and floppy disk drives for 
the systems. Both systems' software and 
hardware support the addition of 31^ -inch 
floppy disk drives; the Vectra can handle 
either 720K-byte or 1.4-megabyte drives, 
while the PowerMate only has the option 
of adding a 720K-byte drive. The Vec- 
tra's disk controller card also contains 
the logic for the serial and parallel ports. 
On the PowerMate, the two DB-9 serial 
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NEC PowerMate 2, 
Model APC-H503C 


Company - 

NEC Information Systems Inc. 

1414 Massachusetts Ave, 

Boxborough, MA 01719 

(617) 264-8000 

Componente 

Processor: 10-MHz Intel 80286; socket 

for optional 80287 math coprocessor 

Memory: 1 megabyte, expandable with 

2-megabyte expansion boards to 10.6 
es 

Mass storage: One 1.2-megabyte 514- 

inch floppy disk drive; 67-megabyte hard 

disk dnve 

Display: MultiSync monitor and EGA 

card 

Keyboard: 101 fuil-size keys with 12 

function keys and separate editing keys 

and numeric keypad 

VO interfaces: Two &-bit and six 16-bit 

expansion slots; two AS-232C ports (DB- 

9); one parallel printer port (DB-25) 


Size 
6% by 2114 by 17 inches; 41 pounds 


Software 
MS-DOS 3.2; GWBASIC 3.2 


Options 

Color graphics adapter board: $225 

Advanced Graphics Board plus 

PowerMate MultiSync monitor: $1350 

Memory expansion board with 512K 
bytes af RAM: $395 


Documentation 

69-page PowerMate 2 Owners Guide: 
407-page GWBASIC Usar's Guide: 468- 
page MS-DOS User's Guide 


Price 

Modal APC-H503C (unit reviewed): 
$5595 

Model APC-H500K (no hard disk drive 
or monitor): $2595 

Model APC-H501D (40-megabyte hard 
disk drive and EGA monitor): $4345 


Inquiry 884. 


Hewlett-Packard Vectra ES/12, 
Modei 42 


Company 
Hewlett-Packard Corp. 
3000 Hanover St, 

Pato Alto, CA 94304 
(415) 857-1501 


Components 

Processor: 12-MHz Intel 80286, socket 
tor optional B0287 math coprocessor 
Memory: 640K bytes of FAM on 
motherboard standard; up to 8 
magabytes on optional Vectra ES 
expanded mernory card 

Mass storage: One 1.2-megabyte 5Va- 
inch floppy disk drive; 40-megabyte hard 
diak drive 

Display: EGA card standard; 13-inch 
enhanced color display 

Keyboard: 101 full-size keys with 12 
function keys and separate editing Kays 
and 

WO interfaces: Two 8-bit and five 16-bit 
expansion slois; ona expanded memary 
alot, ona AS-232C port (DB-9); one 
parallel printer port (DB-25) 


Size 
612 by 16% by 1572 inches, 34 pounds 


Software 

MS-DOS 3.2; HP utlites and system 
diagnostics, including Personal 
Applications Manager, DOS shell, 
terminal-emulal'on program, disk-cache 
program 


Options 

3Ve-inch 1 44-megabyta floppy disk 
drive: $325 

5V4-inch 360K-byte fonpy disk dive: 
$225 

80287-B math coprocessor $450 

Monochrome monitor: $325 

Enhanced graphics monitor: $845 

Expanded memory card with 2 
megabytes ot RAM: $1695 


Documentation 

120-page Vectra MS-DOS 3.2 W. 1, 
Introductiorr, 585-page Vectra MS-DOS 
3.2 Vol. 2, User's Reference; 245-page 
Setting Up the Vectra ES; 110-page HP 
Terminal Program User Manual 148- 
page Using Personal Applicaton 
Manager. 112-page Using the Multiple 
Character Set Utilities 


Price 

Model 42 (unit reviewed): $5535 

Model fO (640K bytes of RAM and one 
1 ?-megabyte 54-inch floppy disk 
g ve). $2995 

Modal 20 (same as Mode 10, pus a 
Z0-megabyte hard disk drive): $3195 

Madel 40 (same as Model 10, plus a 
40-megabyte hard disk drive); $4195 


Inquiry 883. 
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ports and the DB-25 parallel port are part 
of the motherboard's circuits. 


Externals 
DISK ACCESS IN BASIC (IN SECONDS) The most obvious difference between the 


WRITE 


two computers is their size. The Power- 
Mate is about 4 inches wider than the 
Vectra and uses this extra space to pro- 
vide two more half-height slots for stor- 
age devices. 

Both computers have keyboards pat- 
terned after the IBM enhanced keyboard. 
The feel of both keyboards is good, even 


though they are rather different. I fell in 
BASIC PERFORMANCE (IN SECONDS) | love at is fossis ihe first time I 
SIEVE | CALCULATIONS used it. It has a rather light touch, with a 


mechanical click built into the keys, and 
it is good for fast typing. The Vectra's 
keyboard is a bit stiffer, but it has a simi- 
lar feel, with a definite break before the 
key actually enters its character. I just 
can't seem to type as fast on it as I can on 
the PowerMate's. The key click on the 


SPREADSHEET (IN SECONDS) Bede usd d, dui gem. caer ut) 
LORD ; RECALCULATE change its amplitude or remove it alto- 


1 t T xo 7T gether by using the Control, Alt, and Plus 
(+) keys. 

The EGA boards and monitors on both 
computers performed flawlessly, and the 
colors and resolution of the displays were 
good. You might expect this from the 
PowerMate; the "Advanced Color 


SYSTEM | Display” sold with this system is the pop- 
cen nai aa oe | ular NEC MultiSync, which has received 


= rn ovr * a z well-deserved praise in many reviews. 
Mitsubishi manufactures HP's enhanced 

aum NEC POWERMATE 2 graphics display. It has a fine screen and 

um HP VECTRA ES/12 great color, and it automatically selects 

am IBM PC AT (8 MHZ) scan frequencies between 15.75 and 

us IBM PC 21.85 kHz. I give the edge to the Power- 


Mate 2's display; it is crisper, and the 
character set used by NEC is easier on the 
eyes. Because of its 35-kHz maximum 
scan frequency, the MultiSync monitor 
also has the advantage of upward com- 
patibility with VGA cards" higher-resolu- 
tion graphics modes. 


Performance and Compatibility 
There are no mysteries when comparing 
these two computers, As the benchmark 
results show, the Vectra's 12-MHz mode 
gives it a 3 percent to 27 percent perfor- 
mance edge over the PowerMate running 
at 10 MHz. The Vectra's performance 
edge increases when it is run with the 
[EE LL ——ÁMÁEA —————————  Á Á disk-caching program in place. 
Although it is not explicit from their 
The Disk Access benchmarks write and then read a 64K-byte sequential text file to a hard specifications, both of these machines 
disk. Sieve rung one iteration of the Sieve of Eratosthenes. Calculations performs 10,000 operate with one wait state and therefore 
multiplication and division operations. The 40K File Copy benchmark copies a 40K-byte give up a slight speed advantage. Both 
file on the hard disk. The Spreadsheet tests load and recalculate a 100-row by 25-column computers are probably in the top 10 per- 
Multiplan (1.06) spreadsheet. The BASIC benchmarks were run with MS-DOS 3.2 and prp eed Pod. 
GWBASIC 3.2 on the NEC PowerMate and HP Vectra: tests on the IBM PC and PC AT cent of all Al ciones in terms of ca'cum 
were run with PC-DOS 3.3 and BASICA 3.3. ing speed; the only 80286 machines that 
outperform them are those few thal run at 
continued 
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HOW DO YOU GET 
A JOB WITHOUT 
EXPERIENCE? 
AND HOW DO YOU 
GET EXPERIENCE 
WITHOUTA JOB? 


Most young people have one 
answer to this problem. They avoid it 
until they’re out of college. But they 
could be getting solid work experi- 
ence while they’re still in college. With 
your company’s help. And ours. 

We're Co-op Education. A nation- 
wide program that helps college 
students get real jobs for real pay, 
while they're getting an education. 

But we can't do it without you. 
Those real jobs have to come from 
real companies. Like yours. 

For more information on how 
you can participate in this valuable 
program, write Co-op Education, 
Box 775E, Boston, MA 02115. 

Not only will you be giving students 
achance to earn money and pick up 
the most valuable kind of knowledge, 
you'll be giving yourselves a chance 
to pick up the most valuable kind 
of employee. 


Co-op Education. 


You earn a future when you earn a degree. 


Ad | 
& 
CNC A Puldi Servi e of This Publication € 1987 Several Commission tor Cauperaive Edacation 
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REVIEW: POWERMATE 2 
AND VECTRA ES/12 


10 or 12 MHz with zero wait states. The 
high-performance disk drives add to the 
overall speed of the two systems. 

I had no problems running my normal 
stock of software, which includes Word- 
Perfect 4.1, Reflex 1.1, Condor 3, Multi- 
plan 1.06, a variety of C compilers 
(Turbo C 1,0, Microsoft C 4,0, and 
DeSmet C 2.5), and the C-terp 3.00 in- 
terpreter, on either computer at its high- 
est speed setting. Most of the games 1 
ran—~Jet, Starflight (which needs an EGA 
patch), Pinball Construction Sel, and 
Flight Simulator— functioned reliably. 


Warranty, Service, and Quality 
HP has a well-deserved reputation for 
making reliable and well-designed com- 
puters. [ts dedication to quality carries 
over into its Vectra series; my review sys- 
tem was a well-built, well-designed piece 
of hardware. HP offers a limited one-year 
warranty that covers carry-in service al 
an authorized dealer or the manufacturer. 
The first microcomputer I reviewed for 
BYTE was the NEC APC IIl, a predeces- 
sor to the PowerMate reviewed here. The 
qualities that impressed me in the APC 
II[—its design. construction, and graph- 
ics—are even morc apparent in the APC 
IV PowerMate, and this time the system 
is 100 percent compatible with the IBM 
PC AT. NEC has a one-year warranty for 
its machines that is similar to HP's. Ser- 
vice should he easy to find due to NEC's 
extensive national network of dealers. 


Up to Snuff, and Then Some 
The 80286 AT-compatible market is now 
ala mature stage. This means that poten- 
tial buyers of this class of microcomputer 
must look at small, perhaps even subjec- 
tive, features when comparing different 
machines. The NEC and HP systems 
have an advantage over most of the no- 
name AT clones now flooding the mar- 
ketplace because they are hacked by com- 
panies with large, well-known sales and 
service groups. The Vectra ES/12 and the 
APC IV PowerMate 2 are both going to 
be supported for years to come, The 
amount and quality of documentation is 
also quite good—an important point for 
less-experienced users to keep in mind. 
If you want a high-performance AT- 
compatible computer with excellent ex- 
pansion capability, either of these ma- 
chines will do the jab for you. Obvious 
differences are the Vectra's lead in com- 
puting performance and the PowerMate's 
larger expansion chassis. My choice 
would be the PowerMate, because of the 
feel of its keyboard and the extra serial 
port, and because it is available at highly 
discounted prices from many dealers and 
so is simply a better value at retail street 
prices. @ 


The $19.95 High-Performance C Compiler 


Mi. Software presents Power C . . . Our new cost- 
efficient alternative to high-priced C compiters. 
Now you can create high-performance programs 
without spending all your hard-earned money. But 
price isn't the anly reason to choose Power C over 
the competition, 


Compare the performance, Power C's integated 
Make saves you time and effort by automatically 
managing your large programming projects. And 
with Power C, your programs can be as large as 
available memory. As for speed, the performance 
chart speaks For itself. Power C executes most of 
the benchmarks faster. And Power C creates 
smaller EXE files, out-performing the competition. 


Performance Chari 
(Bxecution limes in seconds} 


qu — el oo 
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Benchmarks from Dr Dobis Journal’ & Computer 
Language” First four programs test 1) function calling, 2) 
loopsfintager math 3) floating point math, & 4) disk LO. Pro- 
grams 5 A 6 simulate typical applications. Tests compiled 
from command ine using Make supplied with each com- 
pier, Tesi run on 8 MHz AT wiih medium model ol Power 
C 10, MS (Microsoft) C 4.0, & Turbo C t0. 


Circle 180 on Reader Service Card 
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Compare the functions. With over 400 functions, 
the Power C library is vastly superio. Our library 
is a superset of Microsoft C and Turbe C. Plus, 
we've added an extensive set of graphics functions 
for drawing lines, boxes circles, pie charts, 
and more. 


Compare the portability. Pawer C supports the 
latest features of the proposed ANSI C standard. 
Pius, Power C is compatible with both Microsoft 
C and Turbo C. All of which makes it easier to 
move programs to and from Power C. 


Compare the documentation. Our competition 
assumes that you're already a C wizard. We don’t. 
Power C includes a step-by-step tutorial and sam- 
ple programs with every functian. With our com- 
plete documentation, programming in C couldn't 
be easier. 


Poser C is factors less expensive. And the source 
code to our function library is available at a 
fraction of their price. 


Price Chart 
Power C| MSC | Turbo C 
C Compiler |$1995 | $45000| $99.95 
Library Source 
Code Option |$1000 | N/A $150.00 
Total Cost 
with Source |$2995 | N/A $249.85 


software 


v" 


Technical Specifications 
Power C includes: Power C compiler wilh integrated 
Make, Power C linker, Power C Libranes. Power C 
book, and support for... 

_y IEEE floating point 

s^ 808760287 coprocessor 

g^ Buto-sensing o! B08780287 

 ,7 automelic register variables 

_#_ mixed model (near & far pointers) 
s OGA, EGA, & Hercules graphics 


are.. 
ar source code 
_» BCD business math 


Order Power C now by calling our toll free number 
or mail the coupon to Mix Software, 1132 Com: 
merce Drive, Richardson, TX 75081. 


1-800-523-9520 


For technical support and for orders inside Texas 
call: 1-214-783-6001 


Paying by: D Check O Money Order 
O MCIVER CE 
Disk Size 
ee EPA 
Products) (Not Copy Protected) 

O Power C ($19.95) 


Computer Name 
| 19a" 


t 
O BCD Business Math ($10) 
Texas Residents add 69) Sales Tax $ 
Add Shipping ($5 USA - $20 Foreign) 
Taal amount of your order $ 
Power C is B trademark of Mix Software. 


MARCH 1988 - BYTE 125 


Remote Sites Communication 
Whatever your industry, your remote 
computers need to share information with 
your mainframe. Or, they need to exchange 
data with other remotes. In either case, you 
need a total solution at the remote sites. You 
need software, hardware interfaces and 
modems that all work together smoothly. 
You need CLEO! 

CLEO software products allow micro- 
computers to communicate with mini- 
computers and mainframes, and to emulate 
their workstations. Since 1981, CLEO has 
provided remote communications between 
micros and mainframes for the automotive, 
insurance, medical and banking industries. 
Today over 66,000 CLEO users worldwide 
are running on all major brands of micro- 
processors. The greatest number of these 
users run CLEO software on IBM Personal 
Computers and NETBIOS LANs. 


CLEO is your SNA or BSC Gateway 


Complete 

Software/Hardware Package 

Every CLEO package contains all the soft- 
ware and hardware accessories needed at the 
remote site. Your selected CLEO SNA or BSC 
software is packaged with 1) an internal 
modem card for dial-up applications, or 2) 
an interface card and cable for use with your 
existing modem. There's no waiting for non- 
CLEO add-ons. And, you get prompt, single- 
source service. 


Package prices 
range from $795.00 for 

most stand-alone packages, up to $1,995.00 
for the 32-user SNA gateway. 


^ CLEO 


i 
" 
s d 


Xem 7 now delivers 


" 3278 coax cards 
at pies at 


Call us today to discuss 
your application. 


CLEO Software 

1639 North Alpine Rd. 
Rockford, IL 61107 
Telex 703639 

FAX 815/397-6535 


Headquarters: 


USA: 1-800/233-2536 
Illinois: 1-800/422-2536 
International: 815/397-8110 


Sales and Distribution: 
Benelux: 31 (71) 215281 
Canada, East: 800/361-3185 
Canada, West: 800/361-1210 
Canada, Montreal: 514/737-3631 
Colombia, SA.: 12172266 
Denmark: 1628300 

d: 0908667737 
France: 146861136 
Italy: (0331) 634 562 
Mexico City: 596-5539 
Sweden: 8 740 5070 


CLEOSS 
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SYSTEM REVIEW 


The Tandy 1400 LT 


At $1599, the Tandy 1400 LT is 
less expensive than most other 
portables and laptops. It enters 
the field of IBM PC~compati- 
ble laptop computers in the 
middle in terms of processor 
power and portability, and near 
the bottom in terms of price. 
The speed of its 8088-compat- 
thle NEC V20 is software- 
switchable between 7,16 MHz 
and 4.77 MHz, placing its top 
speed between those of the 
4.77-MHz IBM PC and the 8- 
MHz IBM PC AT. At 13% 
pounds, it is lighter than some 
portables (the Compag Portable 
386, for example, weighs in at 
20 pounds) and heavier than 
others (the Toshiba T1000 
weighs only 64% pounds). 

The Tandy 1400 LT has 
768K bytes of RAM, two 720K- 
byte 34-inch floppy disk 
drives, and a backlit supertwist 
LCD screen. As configured by 
Tandy, the 128K bytes of mem- 
ory beyond the 640K-byte DOS 
limit is set up as a RAM disk. 
Unfortunately, however, its 
contents are not maintained when yon 
shut the power off. The Tandy's user- 
replaceahle and rechargeable internal 
nickel-cadmium battery pack gives 4 to 5 
hours of service per 13-hour charge 
cycle. An AC adapter also comes with the 
machine. An optional internal 300-/1200- 
bit-per-second (bps) Hayes-compatible 
modem card is available for $199.95. 


To the Rear 

The rear access panel contains all exter- 
nal power and data connectors, including 
one serial port and one parallel port, 
RGB-intensity (RGBI) and composite 
video outputs, a keyboard input, and a 
socket for an external floppy disk drive. 
Also, the rear panel has a slot for an inter- 
nal modem and an unlabeled access 
panel. The motherboard has a socket for 
an optional 8087-2 numeric coprocessor. 


David Satz 


This portable strikes 
a sensible balance between basic 
performance and economy 


The system ROM contains the Phoenix 
BIOS, and the system software includes 
MS-DOS 3.2 and Tandy's version of 
GWBASIC 3.2. The system also contains 
à setup mode from which you can alter 
system parameters at any time. For exam- 
ple, the F7 option lets you change the sys- 
tem clock speed from the default 7.16 
MHz to 4.77 MHz, if you should need to 
for program compatibility. 

The rear panel is protected by both a 
plastic door flap and two sets of protrud- 
ing ridges that let you stand the computer 
safely on end. You can connect an IBM 
PC-compatible external keyboard, as 
well as an external RGBI monitor; a tiny 
slide switch on the back panel allows you 
to specify either the LCD screen or an ex- 
ternal monitor as the default display. In 
addition, you can also connect an external 
54-inch floppy disk drive; there is an- 


other tiny slide switch on the 
right side of the case thal lets 
you select the internal or exter- 
nal disk drive as the default boot 
device. 


Stand By 

Standby mode in the Tandy 
1400 LT is the timed, automatic 
shutdown of the screen elec- 
tronics, including the battery- 
eating fluorescent backlight- 
ing. It is triggered when the 
computer has been waiting for 
keyboard input for a specified 
length of time—10 minutes as 
configured by Tandy, but you 
can set this interval to any num- 
ber of hours and minutes up to 
3:59 with the setup mode. 

The computer most often 
waits for keyboard input at the 
DOS prompt. However, key- 
board-driven applications pro- 
grams such as word processors 
can also be left suspended while 
waiting for the next command; 
their execution then resumes 
along with screen illumination 
as soon as you press any key to 
continue operation. 

The value of this feature is in preserv- 
ing battery-charge life and sometimes 
(especially in cases of user oversight) im- 
portant program dats. The normal bat- 
tery charge lasts only about 4 hours in ac- 
tive mode, while the standby mode, 
which uses less than half as much cur- 
rent, can preserve the contents of mem- 
ory and the status of a running program 
for up to 11 hours on a fully charged bat- 
tery, provided that you don't turn off the 
power switch in the meantime. A green 
LED in front of the B drive lights up 
when you are in standby mode. 
continued 


David Satz (118 State $i., Apt. C, Brook- 
lyn Heights, NY 1/201) is a classical 
musician and recording engineer. You 
can reach him on BIX as "dsatz. " 
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Tandy 1400 LT 


Company 

Tandy Corp /Radio Shack 
1800 One Tandy Center 
Fort Worth, Texas 76102 
(817) 390-3011 


Components 

Processor: 4,77- /7,16-MHz NEC V20: 
socket for intel 8087-2 math coprocessor 
Memory: 768K bytes of RAM: 16K 

bytes of ROM (Phoenix BIOS) 

Mass storage: Two 720K-byte 3¥e-inch 
floppy disk drives, optional 5v4-inch 
external floppy disk drive can be used 
Display: Backlit supertwist LCD, 25 

ines by 80 columns, 640- by 200-pixel 
colar graphics (partially simulated by 
shading); 414- by $34-inch screen; optional 
external RGBI monitor can be used 
Keyboard: 76 keys, including 12 
function keys, specia! editing-key cluster, 
embedded numeric keypad in ASCII 
keyboard: optional external keyboard can 
be used 

I/O interfaces: RS-232C serial port; 
Centronics-compatible parallel port: 
external flappy disk drive port; RGBI 
video output (IBM PC-compatible): 
composite video output: external 
keyboard port; telephone line and 
mstrumant 

Other: Built m clock/calendar; internal 
nickel-cadmium battery pack, A/C 
adapter; carrying handie 


Size 
1414 by 12% by 314 inches: 
1314 pounds 


Software 
MS-DOS 3.2; GWBASIC 3 2 


Options 

300-/1200-bps Hayes-compatible 
CMOS internal modem: $199.95 

Additional nickel-cadmium battery 
pack: $79.95 

Carrying case: $39.95 

Intel 8087-2 math coprocessor, $250 

MS-DOS/GWBASIC Reference Guides. 
$29 95 


Documentation 
?7-page A Prachcat Guide to tha Tandy 
1400 LT 


Price 
$1599 


Inquiry 885. 


Screen and Keyboard 

The lid containing the 414- by 9X-inch 
LCD screen hinges from the center of the 
mam chassis and is adjustable to any 
viewing angle from upright to nearly flat. 
Be careful, however, not to let it fall shut 
on your fingers or on disks that you 
haven't fully inserted into the drives. 
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REVIEW: THE TANDY 1400 LT 


DISK ACCESS IN BASIC (IN SECONDS) 


BASIC PERFORMANCE (IN SECONDS) 
CALCULATIONS 


SYSTEM UTILITIES (IN SECONDS) 


40K FORMAT/DISK COPY 40K FILE COPY 
4 LU] 2 MI AD ub i 0 a » Mw ^D 
uem 
SPREADSHEET (IN SECONDS) 
LOAD RECALCULATE 
ig uo m 25 9 L| i a0 F2 
Lnd 


5 à 
Es 
mw TANDY 1400 LT (7 16 MHZ) « TANDY 1400 LT (4 77 MHZ) 

mm |BM PC AT (8 MHZ) mm IBM PC (4.77 MHZ) 


The Disk Access benchmarks write and then read a 64K-byte sequential text file to a 
blank, formatted floppy disk, Sieve runs one iteration of the Sieve of Eratosthanes. 
Calculations performs 10,000 multiplication and division operations. The 40K 
Format/Disk Copy formats and copies a 40K-byte file with the system utilities. This test 
was not performed on the PC AT because the computer had only one floppy disk drive 
The 40K File Copy benchmark copies a 40K-byte flle from one floppy disk to the other, 
The Spreadsheel tesis load and recalculate a 25-row by 25-column Multiplan (1.06) 
spreadsheet All benchmark programs on the Tandy 1400 LT were run with MS-DOS 
3.20 and Tangdy's version of GWBASIC 3,20; tests on the IBM PC and PC AT were run 
with PC-DOS 3.2 and GWBASIC 2.02. 


The 80-column by 25-line screen is 
only half as tal! as il is wide, and there is 
no margin at all between the descenders 
of one line of characters aad the ascend- 
ers of the next. But the font is a well- 
chosen mixture of double- and single-dot 
thicknesses, arid it has sufficient contrast 
to be easily legible under all normal am- 


bient lighting conditions—or even in total 
darkness. A contrast control on the right 
side of the case sets the shading for the 
royal-blue characters and the silver-gray 
background, a combination I found ex- 
tremely readable and easy on Uie eyes. 
The plastic-fiim surface coating over 
the screen tends to reflect some glare, but 


REVIEW: THE TANDY 1400 LT 


you can usually adjust the screen tilt to 
avoid any problems. The fluorescent 
backlighting also "sings" noticeably at 
about 660 Hz when energized, but this 
sound is disturbing only in quiet sur- 
roundings. The fluorescent panels have 
an estimated life of 3 years; Tandy com- 
puter-service personnel can replace 
them. 

The Tandy 1400 LT simulates the 
CGA 640- by 200-pixel graphics mode. 
By varying the refresh cycle of the LCD 
pixels, you can obtain four degrees of 
shading: the basic silver-gray back- 
ground, royal blue for fully darkened 
pixels, a dull brownish foreground shade, 
and a lighter background shade. 

The slow darkening characteristic of 
supertwist LCD pixels is observable here 
just as it ts on the NEC MultiSpced (see 
my review "The NEC MultiSpeed" in 
the September 1987 BYTE). But due to 
the Tandy's slower processor, the smenr- 
ing effect that you get when you scroll text 
(c.g.. disk directory listings) is less pro- 
nounced. You can also see a slight down- 
ward ripple effect, particularly when the 
background setting is on the dark side. 
This ripple ts not a product of interfer- 
ence from other lighting; it is visible in 
total darkness as well. 

Keyboard preferences are even more 
intensely subject to personal tastes and 
acquired habits than screens are. The 
Tandy 1400 LT's keyboard arrangement 
features 12 function keys in three groups 
across the top, the Escape key to the left 
of the numbers row, and minor punctua- 
tion character keys to the left and right of 
the space bar. The cursor-control cluster 
is aL the extreme bottom right, and you 
must combine cursor keys with a left- 
hand Function key to produce commands 
such as PageUp, PageDown, Home, and 
End. This arrangement conserves space 
on the keyboard, but not in the mind. [t 
results in four different shift-type keys: 
Shift, Control, Alt, and Function. It also 
makes you use three fingers, as well as 
extra eye motions, to generate several of 
the most common word processor com- 
mands, such as PageUp (Ctrl-Fn-PeUp) 
or End (Ctrl-Fn-End). Even CapsLock, 
the purpose of which is to free your 
hands, ironically requires both hands to 
set or reset (Ctrl-Fn-CapsLock). 

The keyboard action provides some re- 
sistance and requires a firm touch—a 
slight punching action. Getting used to 
the touch required to depress the keys is 
casier than getting accustomed to the keys 
popping up when you release them. They 
make a hollow popping sound both when 
you depress them and when you let them 
go. The keyboard is not conducive to 
quiet typing or to an extremely light typ- 

ing touch. On the other hand, you re net 


likely to enter extraneous characters by 
mistake; these keys require a definite key- 
stroke to produce a character. 

You can use an alternative keyboard, if 
you wish, by plugging it into the keyboard 
socket provided on the rear panel. 


Modem, Size, and Battery 

[ installed the optional 300-/1200-bps 
Hayes-compatible modem card with very 
little difficulty. To use it, you must select 
the F4 option in the setup mode and 
switch from the default RS232C to MODEM. 
The modem functioned flawlessly on 
both local and coast-to-coast connec- 
tions. It lets you use acoustic cups at both 
300- and [200-bps speeds, making it use- 
ful in hotels and pay phones where direct 
access to modular phone sockets may not 
be available. The modem's implementa- 
tion of the AT command set includes all 
the normal S register controls and the ex- 
tended verbal/numeric result codes. 

Overall, thc computer is neither as 
small as the Toshiba T1100 Plus (or any 
of the Toshiba laptops, for that matter) 
nor as large as the NEC MultiSpeed. The 
Tandy 1400 LT is light enough to carry 
across a large airport terminal, but it is 
heavy enough to cause eventual discom- 
fort, rather like an early-model portable 
electric typewriter. The weight is mostly 
at the rear of the computer. This is under- 
standable: The keyboard is in the front, 
and the boards and disk drives are in the 
rear, However, taking the Tandy [400 LT 
at its name, I tried it as a laptop, balanced 
on my kriees. Its rear weight and slightly 
longer footprint (1444 inches versus 12 
inches for the Toshiba T1100 Plus and 
I3'4 inches for the NEC MultiSpeed) 
gave it a tendency to slip off my lap. 

The nickel-cadmium battery pack 
comes in ils own externally accessible 
compartment, so you can easily replace it 
with an optional extra battery pack. This 
will be good news for travelers and those 
of us who never quite seem to get the 
long-life performance that modern, prop- 
erly cared-for nickel-cadmium batteries 
are supposed to offer. The battery power 
supply takes over automatically if it con- 
lains an adequate operating charge and 
the AC power supply is removed or inter- 
rupted. However, you can't change the 
battery safely while the computer is ac- 
tive or in standby mode. The manual in- 
structs you to turn off the power and dis- 
connect all peripherals and accessories 
first. 


Checking Out the Software 

A single 3%-inch floppy disk contains a 
complete implementation of MS-DOS 
3,2, including the hard disk drive-ori- 
ented utilities such as BACKUP, RESTORE, 
JOTN, and SUBST (although no hard disk 


drive is available). GWBASIC 3.2 comes 
on the disk as well. 

Up-to-date versions of MOUSE. COM and 
MOUSE.SYS are included to support a 
Microsoft serial Mouse tf you wish to add 
one. The DOS disk also has the program- 
mer-oriented utilities LINK, LIB, and 
EXE2BIN, and a bunch of lesser-known 
DOS utilities. These would have sent me 
running to the DOS manual to see what 
they're good for if the Tandy 1400 LT 
had come with one. But it didn't; the 
manual is an optional extra. 

The Tandy i400 LT showed no soft- 
ware- or hardware-compatibility prob- 
lems with Flight Simulator 2.13, Turbo 
Pascal 3.0]a, SideKick 1.56a, MEX.PC 
1.652, Microsoft Word 3.I, or Quick- 
BASIC 2.01. However, I did have trouble 
with version 4,0 of Microsoft Word. Ear- 
lier versions of Word worked perfectly 
well; however, due to the increased de- 
fault key-repetition rate in version 4.0, 
you get a runaway-keyboard condition 
that you can stop only by rebooting. To 
prevent this problem, you must use the 
DOS DEBUG utility to patch a single loca- 
lion in the MW. INI file in the WORD direc- 
tory. (Microsoft's customer service is 
aware of this problem and can advise you 
of the precise patch.) The Microsoft 
serial Mouse (original style) worked per- 
fectly well with the supplied version of 
MOUSE. COM. 

The softcover manual, A Practical 
Guide to the Tandy 1400 LT, devotes 28 
pages to DOS concepts and functions, but 
the explanations are so concise that | 
wonder whether many nontechnical read- 
ers could really profit from them. An- 
other strange aside: The manual contains 
iwo indexes—one at the end of the hard- 
ware section (48 pages inia the manual), 
and another at the end of the DOS sec- 
tion, which is at the end of the book. So, 
if you're looking for something to do with 
the hardware, you won't find it in the in- 
dex at the end of the book, where you'd 
normally look. 


Testing the Tandy 

| tested the 720K-byte floppy disk drives 
with the Coretest, which showed an aver- 
age access time of about 225 millisec- 
ofids; this is typical of the drives on cur- 
rent-model laptops. The operating noise 
level of the disk drives is higher than 
average, although, like the noise of the 
screen, it should be disturbing only in 
quiet environments, such as libraries or 
classrooms. 

[ also ran BYTE's BASIC benchmarks 
with Tandy's version of GWBASIC 3.2 
and MS-DOS 3.20. Disk Read and Write, 
Sieve, Calculations, and Spreadshect 


Load and Recalculate ail give the Tandy 
continued 
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REVIEW: THE TANDY 1400 LT 
c -——! má a — Nn 


SPEED UP YOUR PC/XT NOW 


1400 LT at 4.77 MHz the edge over the 
| 4,77-MHz IBM PC. The formatting and 
copying tests, however, are a different 
| story. On the 40K Format/Disk Copy, 
the IBM PC is more than 40 percent 
faster than the Tandy 1400 LT (9.6 sec- 
onds for the PC and 13.5 for the 1400 
LT); and on the 40K File Copy, the IBM 
leaves the Tandy in the dust, with more 
than a 98 percent advantage (5.8 seconds 
for the IBM versus 11.5 for the Tandy). 
When you compare the Tandy 1400 LT 
al 7,16 MHz with the 4.77-MHz IBM 
PC, the results change, as you would ex- 
pect. The Tandy shows a significant ad- 
vantage on the Disk Write and Read, the 
Sieve, and the Calculations tests. Then 
the advantage dissolves. The 4.77-MHz 
IBM PC outperforms the 7.16-MHz 
Tandy 1400 LT on the 40K Format/Disk 
Copy by more than 20 percent (9.6 sec- 
onds for the [BM and 11.6 for the 
Tandy}. And the IBM continues to blow 
the Tandy away on the 40K File Copy by 
88 percent (5.8 seconds versus the 
Tandy's 10.9). On the Spreadsheet Load, 
the 1400 LT at 7.16 MHz performs at al- 
most exactly the same speed as the 4.77- 
| MHz IBM PC, although the megahertz 
| advantage does show up in the Recalcu- 
late figures (the Tandy outperforms the 
IBM by 64 percent: 6.7 seconds versus 
I] seconds). Needless to say, the 8-MHz 
IBM PC AT steals the speed awards by a 
healthy margin. 


You know that SPEED is tne only thing your PC/XT 

É never has. Its brain takes too much time to think. | 
NORTON SI = 9.4/10.3 Have it transplanted now with the EPC motherboard 
and your System would yield an astonishingly high 

performance, exceeding even that of the PC-AT. | 


EPC is simply the FASTEST PC/XT Motherboard 
in the World that is fully compatible to all PC/XT | 
hardware and software. It’s 100% designed and made 
in CANADA and absolutely not a downsize AT clone. | 
EPC comes with an step-by-step installation manual 
lus a TWO-YEARS warranty and prices only 
$399.00 (with ØKb} 


SPECIFICA TIONS 


* 80286-(0 CPU in 8088 mode ° 8 XT siots 

* Dual speed : 8Mhz/ tOMhz * XT keyboard input 

* Sockeled for 80287 * XT Power supply input 

* Sockeled far BIOS/G40Kb RAM * Dimensions: B.5in.xtdin, 
* Industrial Grade 43ayer PCB (ht most XT clone cases) 


Dealer [nquiries Welcome 


3800 Thimens Blvd. 
St-Laurent, Quebec, CANADA H4R IV6 
Tel: (514) 745-2656 


LAHEY SETS NEW 
FORTRAN STANDARDS 


LAHEY PERSONAL FORTRAN 77 - Full ANSI Standard $95 


Little New Ground 

Tandy, with its massive distribution net- 
work of Radio Shack stores, has the 
power to make waves with any serious 
computer product it introduces. The 


F77L - The benchmark for the competition. $477 Tandy 1400 LT is a solidly designed lap- 
e a top that breaks little new ground, but—if 
EDITOR'S CHOICE PC Magazine you accept its keyboard feel and layout 

! l drives—i j j- 

athe most robust compiler tested.” MicroSystems Journal E ir rg d E 


will be particularly noteworthy if a rea- 
sonably priced expansion chassis and a 
hard disk drive become available in the 
future. 

The Tandy 1400 LT's processor power 
and backlit LCD screen make it a low- 
cost alternative to the successful] Zenith 
Z-181 ($2399). The Z-181 screen is taller 
but is hinged from the back of the case, 
making it harder to use on most airplane 
or train seat backs. [f you need compact- 
ness, processor power, and battery life, 
you may prefer the somewhat higher- 
priced Toshiba T1100 Plus ($1999) —or 
the NEC MultiSpeed ($2195), a backlit 
LCD machine thal is more powerful than 
either the Tandy 1400 LT or the Toshiba 
T1100 Plus. However, at $1599, the 
Tandy 1400 LT achieves a sensible and 
moderate balance between good basic 
performance and economy. ai 


“dhe ultimate fully-blown ANS) FORTRAN 77... 
a fantastic product." PC Austrailia 


F77L-EM/16 - Breaks the DOS 640K barrier with extended memory. | 
The most powerful PC FORTRAN available. $695 


FORTRAN TOOLS: Profiler, Mathematical Functions Library, Overlay 
Linker, Utility Libraries, Windows Library, Toolkit. 


The difficult decision is not from whom you should buy your PC 
FORTRAN, but which Lahey compiler you should purchase. 


Cail us today to discuss your 
PC FORTRAN needs. 


FOR INFORMATION OR TO ORDER: 
1-800-548-4778 


30-Osy Money-Back Satisfaction Guarentee 
Lahey Computer Systema, inc., Bor 6001, 
Incline Village, MY BESO 
Tel ?02-B31-2500 TLX- 9102401258 
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Software developers, Microport knows your job 
is difficult. That's why they've created the best 80386 
development environment on the market, giving 
you the tools you need to do your job successfully. 
Microport System V/386™ is the powerful UNIX* V 
operating system that delivers almost unlimited 
speed and power and provides true multi-tasking 
and multi-user capabilities. It can be used in vir- 
tually all computer environments, from software 
development to office automation to true desktop 
publishing. 


lopment environment. pa here's why. It's the only 


e. | he rea. UNIX 
ives you complete compatibility up and down. 


developed by AT&T, which 


P 


d ^. i 
POLE 3 


UNIX symbolic debugging and support for t 
80387 ahd Weitel 116 ina co-processors. 


Make your job easier and 
get the Microport 80386 

software development l RT. 
advantage. MICROPORT 


RUNTIME SYSTEM - 


One of the most comprehensive UNIX V operating systems 
available on the market today, it includes the screen editor "vi^ and 
contains over 180 utility programs. 

List: Runtime System (2-user): $199 
Runtime System (unlimited users): $448 


Ours: $149 
Ours: Call 


SOFTWARE DEVELOPMENT SYSTEM 

The Software Development System includes both the Green 
Hills C-386 compiler and the AT&T 386 pcc C compiler. Also avail- 
able are Green Hills Fortran 386 and Pascal 386. A family of com- 
pilers with call sequence compatibility. Each compiler conforms to 
relevant standards, generates small, condensed code, and features 
global optimization for fast execution. 


List: $499 Qurs: $429 
UNIX is a registered trademark of AT&T. System V/386 is a trademark of 
Microport Systems. 


Circle 209 on Reader Service Card 


Microport & Programmers Paradise offer you the best value on the tools you need. 


PROGRAMMERS PARADISE 


PRESENTS 


MICROPORT SYSTEM V/386 
THE BEST INTEL 80386 
SOFIWARE DEVELOPMENT 

ENVIRONMENT. 


PERIOD! 


TEXT PREPARATION SYSTEM 
This package consists of the complete System V, Release 2 Doc- 
umenters' Workbench (DWB). Also includes both the new troff (de- 
vice-independent troff) and the old troff (otroff). Drivers for the HP 
LaserJet Printer and Apple's LaserWriter are optionally available. 
List: $199 Qurs: $169 


COMPLETE SYSTEM Vi ash 


Includes Runtime System, Software Development System and 
Text Preparation System 


List: $799 Qurs: $669 


POS MERGE 156 


DOS Merge 386 is an environment that supports concurrent 
use of System V/386 and DOS. With DOS Merge. you can develop 
software by combining DOS and UNIX System V programs and 
commands. You can run multiple DOS programs and UNIX System 
V programs at the same time on dumb terminals. DOS Merge comes 
in two versions: a 2-user version and an unlimited-user version. 


List: DOS Merge 386 (2 User) $395 Ours: $345 
DOS Merge 386 (Unlimited) $495 Ours: $429 
Microport System V is alao available for the PC/AT 
List Ours 
System V/AT (Complete) $549 $465 
Runtime 5ystem 199 169 
Software Development System 249 209 
Text Preparation System 199 169 
Unlimited License Kit 249 209 
DOS Merge 286 149 129 


Put Microport's System V/386 or System V/AT 
Software Development Environment to work for 
you. Call PROGRAMMER'S PARADISE! 


1-800-445-7899  . 
In NY: 914-332-4548 73 —X 


A Division of Hudson Technologies, Inc. 


42 River Street, Tarrytown, NY 10591 
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lia iui ES toi You SENE Selection, 
Personal Service and LU nbealable Prices! 


Welcome to Paradise. The microcomputer sofiware source that caters to your programming needs. 
Discover the Many Advantages of Paradise ... 


e Lowest pnce guaranteed 
e Latest versions 


ail qur amet pal 


"XL jane i 
à ln gunutitt 


LE 
Wiebe! 


ib 
decide 


ul AT OLURA 


ats SOFTWARE 
ADVANTAGE 386 C ss 5m 
ADVANTAGE 186 PASCAL 895 — ài9 
PSQVIEW NEW 1€ tes 
ICROPORT DOS/MERGE mx s 
MICKOPORT SYSTEM 
VOMLCOMPLETE) SPECIAL 709 — MP 
MS WINDOWS/386 SPECIAL i95 — 135 
PC-MOS CALL CALL 
PHARLAP Ja6ASM/LINK 495 — Am 
VHARLAP 386 DEBU j95 — 155 
SCOXÉNIXSYS V 386 (COMPLETE? 1495 1186 
386- TO-THE-MAX NEW Th — 45 
APL 
APL*PLUS PC a5 in 
APL*PLUS PC TOOLS 29 — 195 
POCKET APL “ TD 
ARTIFICIAL INTELLIGENCE 
ACTIVE PROLOG TUTOR 65 OS 
ARITY STANDARD PROLOG; » T 
LPA PROLOG PRO COMPILER Eo 
LFA PROLOG PRO INTERPRETER — 395 — 219 
MULISP.87 INTERPRETER X0 i 
MULISP-87 INTERPCOMPILER WO — 28 
PC SCHEME o 
SMALLTALK/V SPECIAL 99 W 
STAR SAPPHIRE LISP 495 é 
TURBO PROLOG i00 — 49 
TURHO PROLOG TOOLBOX 00 — à 
VP EXPERT 100 — a5 
ABBEMBLERS/LINKERS 
ADVANTAGE DISASM SPECIAL 295 — ges 
ASMLIB Hs — Hi 
DR ASSEMALER + TOOLS 179 
MS MACRO ASSEMBLER Ho p 
OPTASM PINE. SPECIAL 198 — Mi 


PASM a4 HA 
PLINKBÉPLUS (o TM 
RELA UNIWARE, X-ASMS CALL CALI. 
VISIBLE COMPUTER $0285 1000 — NW» 
BASIC 
DELIK 139 tie 
FIN yI ys #3 
FLASH-UP ri n" 
INSIDE. TRACK as B 
MAL. 75 as 
MSaticKnasic SPECIAL a] u 
CK PAK as 2 
UtCK TOOLS 30 — 1i 
iL KWINDOWS cu H 
SCREENSCULPTOR 125 96 
STAY. ow — 
TRUE HASIC Mx TS 
TURBO BASIC 106 é 
DM E 
TELECOM TOOLBOX 100 [1 
CCOMPILERS 
AZTEC C-COMMERCIAL 49 CALL 
AZTEC CO DEVELOPERS ze CALL 
CBGPLUS 49? — i5 
GH t5 403 CALL 
LATTICE C oo — hw 
WSOURCE yp) am 
MICROSOFT C 4A) å DN 
QUICK C SPECIAL 99 Pra 
TURBO | 100 g 
ADVANTAGEC t+ ECIAL 495 43 
PFORCE + + SPECIAL Wå 1$% 
C INTEEPHETERE 
C.TERP T2 — 199 
ANTC 3A 
INSTANT CaM 895 CALL 
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è Huge inventory, immediate shipment 
e Knowledgeable sales staff 


We ll Match Any 


_ Nationally Adv ertised Price. 


LIST OURS 
athe oom 
PROFESSIONAL 256 154 

C LIBRARIES 
BASIC C 75 IP 
BLACKSTAR FUNCTIONS 125 yn 
C ASYNCH MANAGER 176 18 
C-FOODSMORGASBORU 150 Ley 
L TOOLS PLUS 0 129 ad 
^ UTILITY LIBRARY 185 135 
C-XFERT 75 33 
ESSENTIAL A cde or IRS 185 — 125 
COMMUNICATIONS PLU 150 — i95 
GREENEEAF ch ME 95 D: d 


GREENLEAF COMM LIBRARY 185 — 128 
GREENLEAF FUNCTIONS |a& — 125 
MULTI.C 144 — 135 
PFORCE 295 N6 
RESIDENT C WSOURCE iaa [45 
THE HAMMER iss — 
TIMESLICER zm In 
W/SOURCE CODE imo M 
TURBO € TOU I2 —* 
WKS LIBRARY "i 
COBOL, 
OBOLSPU m 
E-Z PAGE 25 
MICRO FOCUS 


COROL2 
COBOLZ2 TOOLSET NEW 
PC-CICS 


SESS MER 
3 


LEVEL II COBOL f 
l'ERSONAL COBOL 119 
OTHERS LALL CALL 
MICROSOFT COUT T% HP 
MICROSOFT SORT 193 125 
OFT-TECH SONT ta$ — 196 
995 Jue 

REALIA COBOL 995 7S 
W/KEALMENU li ae 
OBO wo 37M 
UU MEER E. 
SCRERNIG 100 — gm 
SCREENPLAY i76 — qa 


HARDWARE PRODUCTS 
AMDEK 722 MONITOR 


2» 
ADVANTAGE PREMIUM W/S12K do 
RA 486 WiS12K Sig 
HERCULES GRAPHICS CARD PLUS a 
"t ES IN COLOR CARD 


SE 
- 
Ld 


Led 


i 


DATABARE COMPILERS 

CLIPPER sé 308 
FORCE ITI 1% us 
FOXBASE f Fe De 
QUICRSILVER oD 
R: TURBO #4 CALL 
DBASE-TOOLS 

APPLICATION PLUG 4 T 
(BASE I P of um 
DARASE TOOL5 FOR C LU 1i 
DNPL REPORTE 90 ^» 
D ONF TWO THREE E fE] 


€ Special orders 
e 30-day money-back guarantee* 


LIST OU RS 


HENIFER 398 i 
GENIFER SOLUTIONS NEW 495 T 
HI- SCREEN XL 149 HE, 
QUICK ENTRY NEW 9$ Lr] 
RAR 150 iz? 
REPORT PLUS MÉW 150 129 
SEEKIT NEW i100 "m 
SILVERCOMM LIBRARY 150 139 
SQUISH NEW 9 jË 
TUM RETTIG S LIIHARY 10 Th 
Ul PROGRAMMER rH t3s 
DEBUGGERS 
ADVANCED TRAC E-an 174 Lis 
BREAKOUT 125 ET] 
C-SPRITE 175 ns 
ERISCOPE ! 345 215 
PERISCOPE 11 174 i» 
PERISCOPE [I-X 145 10% 
PERISCOPE II] B8 MHZ 925 Te 
PERISCOPE il] 10 MHZ tows 374 
FFEN B5 PLUS I 213 
SOFTPRORE ITX 7 o de 
T DEBUG PLUS fei 1$ 
I prr EANME 
130 Lie 
HOOK MARK 1606 Te 
MAND PLUS NEW'Y$0O0 B) An 
DISK OPTIMIZER 50 $5 
FANS! CONSOLE 78 GF 
FASTBACK 176 128 
PAST FORWARL: 70 i$ 
FETCH 5 u 
INTELLIGENT BACKUP LE 133 
MACE UTILITIES $5 " 
NORTON COMMANDER 15 SS 
HORTON UTILITIES 100 EC] 
ADVANCED NORTON UTILITIES 150 » 
PDISK 145 J&S 
Q-nuos H 70 $5 
TASKVIEW B $5 
¥FEATURE a 75 
VFEATURE nELUXE 120 Mo 
em cua 
195 CA 
WinBRIEF 1735 CALL 
CYUE W/SOIRCE CODE 250 nme 
E DIX 195 163 
MACS 296 24 
EPSILON 185 4t 
FIKSTIME (CI 295 m 
KEPT 125 Lid 
MESV, T$ 3 
PTEDITOR SPECIAL p mH 
I 
PHATE 195 MIŠ 
SPFFFC 153 Lin 
VEDIT PLUS | ë ag 
XTC 9n 79" 
FILE MANAGEMENT 
BTHIEVE 45 IW 
XTRIEVE 245 155. 
REPORT GFTIGN 145 Li] 
BTRIEVEO 595 A 
XTRIEVE.N 595 f 
REPORT OPTIGN/N M5 p 
CBTREE 5) HE 
C-TREE 305 315 
R.TREE 295 ma 
C-TREE/R-TREE BUNDLE 65 lè 
B 2590 IS 
BBC n W/SOURCE CODE $500 — B 
DRE IN PLUS 7139 i 
DR.VISTAORDR QUERY SPECIAL i95. [ee 
SINGLE USER/ASDUNCE SPECIAL iti itu 
MULTIUSER SPECIAL 495. "me 
MULTIUSER WASOURCE SPECIAL 99d Th? 
INFORMIX ESQL.L 35 CALL 
INFORMIX 46L CALL 
INFORMIX 501. 195 CALL 


LIST OURS 


PHACT MANAGER as o IU 
XQ. TS a 
FORTRAN COMPILERS 
E RESEARCH FORTRAN E 350 3" 
LAHEY FORTRAN S77L V L $75 CALL 
Y PERSONAL FORTRAN ng 
MICROSOFT FORTRAN TAA 
RMIFURTRAN R95 aT? 
WATFOR FORTEAN M5 3 
FÜRTRANUTILITIES/LIBRARTES 
AUTOMATED PROGRAMMER 995 H? 
DIAGKRAM'ER OR DOCUMENT ER ine H15 
EXTEND 3540 (z9 
FORTRAN ADDENDA pn 134 
FORTRAN ADDENDUM 95 ay 
GRAPMATIC OK PLOTMATIC EE Lie 
MAGUS NUMERICAL ANALYST 295 ne 
MATHPAC A95 448 
MO LIMIT 129 1es 
PANEL 295 — 1€ 
SPINDRIFT LIBRARY Im 135 
SSPE 150 — 149 
TERMAR GRAPHICS LIB 195 185 
GRAPHICR 
ADVANTAGE GRAPHICS (C) tO 229 
ESSENTIAL GRAPHICS 250 LEE] 
GRAPHIC ya 279 
GSS GEAPHIC DEY. TOOLKIT iS — 11 
HALO x m 
HALO (5 MICROSOFT LANG ; 555 — 44$ 
METAWIN 195 35 
METAWIN DOW PLUS 215 
TURBO WINIKIWAC 35 ri 
TURRD HALO (FOR TURBO £i E TA 
LINT 
PC-LINT [25 T 
FRE.-C HS 159 
BODULA-2 
ITECH OR UA 2 
COMPILER K yp TP 
DEVE LOPMENT SYSTEM 249 199 
T 169 138 
REPERTOIRE ay 15 
STONYBROONK MODULA ¢ t^ Li 
WAITILITIES ui fm 
OPERATING SYSTEMS 
MICROPORT: 
005 M 144 139 
SYSTEM ViAT SPECIAL 549 44% 
RUNTIME F E nis 
SUFTWARE f£ V. PACKAGE 249 ToS 
TEXT PREPARATION PACKAGE — 158 165 
UNLIMITED LICENSE RIT 249 ie9 
XENIX SYSTEM V(COMPLETE) 1795 mhi 
DEVELOPMENT SYSTEM 595 s] 
AM "RI M 1 us 
TEXT PROCESSING PACKAGE — 185 145 
Enix FOR Par io án CALL CALL 
ore +? la SYSTEM TOOLBOX y 2 
p9 
Pt A Em 7 
WEND PELIAL "9 T 
WENDIN DOS APPL, ICATION KIT ug Fi 
PASCAL COMPILERS 
MARSHAL PASCAL 189 beg 
MICROSOFT PASC AL MB) ns 
PASCAL-2 T 
RAD Pace PASCAL 595 CALL 
PASCAL [ ap 
TURO PASCAL DEY LEB. m 


FEATURED PRODUCTS 
EUNDI c ite oth MAIS Oa ar tip ata 


clomnaloa inserted NOP' and 
iresi m api 


Se 


petia 

Last: $ Special Price: 106 
AEITH, VERSION MANAG! ER — 5YM a eouce 
code Mangement system, with an exay to ie Cell 
MR TY: n-— y tue o 


EA hes oat omens ok " 
"ir can generate ded rail raporte m 


| Last: 8379 Special Price: CALL 


Lahey RTTL-EM/18 Fortran Compiler — Now! 
treaks 440K barriera -i HATS 
oN PU ORT. 
HAMELEIST and many 

much cavers. 


i bor 
T -rir pecial Price: CALL 


| ADVANTAGE Disassembler — Dapurabkis em 
end com files [or comgrehenare, etH 


E 
EMT mE 


TURBO PASCAL ADI-ONS 
ASCH TURBO GHOST WHITER 
STARTER it 


EW W "n 

COMPLETE NEW mo —15*9 
AZATAR D05 TOOLKIT Ew um NA 
UOSIS & MOUSE TOOLS 75 oF 
FLASH. UP ia T 
FLASH-UP TOOLBOX 49 ib 
INSIDE TRACK 44 %4 
MAL 15 E 
METRABYTE DATA ACG. TOOLS L0 ug 
CIENTE AND ENGI. TOOLS 75 ^ 
SCREEN SCULFTOR 125 L1 
SYSTEM BUILDER Ix ras 
IMPEX 100 As 
REPORT BUILDER LE bla 
T-DESUG PLU ğü i8 
TURBO ADVANTAGE E i5 
TURBO ADVANTAGE COMPLEX w 7 
TURBO ADVANTAGE DISPLAY 10 as 
TURAG ASM Lr] 4% 
Tu a Mn Fus 173 ra 
TUR EOMETRY LIBRARY NEW 100 P| 
TURRO HALO à is 


LIST OU RS LIST GURS 

TURBO MAGIC ira — 0115 p 
TURBO POWER TOOLS PLLS 129 H SAPIENS va o = 
TURBO POWER UTILITIES 95 b. SET. SCIL 39 35 
TURBOP SSIONAT 4 d 95 Th SDFTSCREEN HELF 195. — [45 
TURBO AED RN 95 TA SOURCE PRINT 95 16 
AN GRAPHICS LIBRARY IU kag THE WEINER SHELL i” it 
TREE DiAGRAMMER Pid aa 


SCREEN DISPLAY/ WINDOWS 
C POWER WINDOWS 


den mM u XENIX/UNIX 
CURSES W/SOURCE CODE 250 16 
GREENLEAF DATA WINDOWS 225 5: SOFTWARE 
W/SDURCE CODE ^us M M" ROPORT * sco PRODUCTS CALL CALL 
YACC FORMAKER 495 uS | ANTAGE C + 
YACC IAM T5) — 679 DIRECTA Bu EH LL GAS 
MICROSOFT w INDOWS a0 — 855 DM LL (984) 
WINDOWS DEVELOPMENT KIT 5900 — 219 | PLUS 
ee 295 I» INFORMIX PROBUCTS 
PANEL PLUS 496 iN ied FORMAKER 
AIR uE D» | KORN SHELL 
SCREENSTAR W/StHIRCE H 1i | MIC FROSOPTI LANGUAGES 
VIEW MANAGER 275 196 | PANEL PLUS 
VITAMIN C 225 IŠ | RM/COBMOL.- 
wih SCREEN “” —T RM/FORTRAN 
SPORE 195 145 WINDOWS FOR DATA 
W ee FOR DATA 125 Hö 
W/SOLURC NEW So CALL BLAISE 
muse me mox 
TRANSLATORS EXEC | s i 
RASC OK BAS PAS CALL CALL PASCAL TOOLS/TOOt 5 2 ns 138 
BASTOC 4s wt TURBO ASYNCH PLUS 128 — *» 
DB2C T$ CAL. TURBO C TOOLS 129 yv 
REC PIA SLATON M3 IM VIEW MANACER cc PASCAL: m oai 
TURBO TO C M6 iw . o u 
BORLAND — 
ADDITIONAL LANGUAGES) alice 2 BE 
PRO 4 DUCTS — EDITOR TOOLROX 1 — 4$ 
TOUS ahot Puia E 2? E TELECOM TOOLBUX 1 5 
| TURBO C COMPILER l0 — à 
DAN BRIC CRLIN SDEMOFRGGRAM 74 $3 TURBO PASCAL T EET 
N BRICKLIN'S DEMO TUTORIAL — 50 45 TURBO PASCAL OEV LIB. 35 am 
FLINT CHARTING li zzv — 196 TURBO ' "0 a5 
DADA T B ack 39.5 — 389 MUMERICAL METHODS TOOLBOX 100 a 
i 5 B DATAHASE TOOLBOX, 100 
MET RC G p PHP AM 730 emi EDITOR TOOLBOX 100 "1 
MASTER FORTH i nS GAMEWDRKS TOOL BOX 100 89 
CUT. GRAPHIX TO OL BOX wo ^ 
MES TOOLRIT = m TURBO PROI OG COMPILER 100 64 
NORTUN nh " i | ds URBO PROLOG TOOLBOX I 8 
PERSONAL REXX ES 9 QRRENLÉAFC SAMULER * 


MICROSOFT WINDOWS/386 


Windows/386 mves you the look and feel of OS/2. by IBM and Microsoft —the etandard 
for tomorrow. Turns your personal computer into a multi-tasking, virtual machine, 
where any number af DOS and Microsoft Windows applications can run at the same 
ume. Each DOS application runs in its own 640K —even memory resident programs. 
Copying and passing of selected data between DOS and 

Windows application is supported. Features greatly enhanced Microsoft" 
support for DOS applications, they can run in a window or use 
the full screen. 

List: $195 


Quick 

QuickC givea you the features that you need to learn C quickly. It's the best for fast and 
easy compilation and prototyping, compiling programs at 10,000 [ines per minute. 
Features a built-in editor with selectable insert or overtype mode, zutomatic MAKE 
file creation, context -sensitive help for easy learning and an integrated debugger that 
lets you sel breakpoints, animate through your program and 

add watch variables. QuickC is completely source code and Microsoft" 


object compatible with Microsoft C 5.0, 
List: $99 Special Price: $65 


` LE F h, 
QuickBASIC/4.0 
QuickBASIC 4,0 eliminates the time-consuming compile step. Run your program, atop 
to edit and debug, then continue running without recompiling. When you edil your 
code, QuickBASIC automatically incorporates your changes = usually at 150,000 lines 
per minute, Includes a built-in, full-screen editor with automatic syntax checking and 
formatting, advanced threaded p-code intrepreter, support int 
for 8087/287 math co-processors, a subset of the Code View Microsoft 
debugger, pius other new features. 
List: $99 


Special Price: $125 


Special Price: $65 


1-800-445-7899 
In NY: 914-332-4548 
Customer Service: 
914-332-0869 
International Orders: 
914-332-4548 
Telex: 510-601-7602 


d Corporate — Call 
arani err Popa cr e 
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Special Savings from Paradise 


LIST OURS LIST OU Rg 

GRE ENLEAF COMM LIBRARY iS — 125 MS MUMATH 3 I6 
GR REEMLEAF DATA WINDOWS £25 — 153 MS PASCAL COMPILER ce 
/SOURCE CODE 335 Z FOR XENIX 50$ — 443 
GREEN LEAF FUNCTIONS I5 325 MS QUICK Basic SPELIAL 99 e 
MS QUICK C SPECIAL 99 Es 

LATTICE MS SORT 195 — 124 
LATTICE C 500 — r9 MS WINDUWS Ww #5 
WSOURCE CODE 900 4h MS WINDOWS DEVELOPMENT KIT 500 — MP 

E EROSA ah 4; cH pi I ENERATOR — 50 n MS'WINDUONWS 386 SPECIAL 196. 125 


C-FOQD SM. T% $5 


4 wes JURE do 3100 m PHOENIX 
n5 |! ASMB6 
CURSES SCREEN MANAGER |2 B8 FDISK a M 
CVUE W/SCURCE CODE ine PFANTASY PAC we ar 
nn 250 — 149 PFINISH 335 — 115 
DBC HHI W/SQURCE CODE "un 3M PFIXSGPLUS 395 ms 
DAC Ht PLUS 730 DRCE 35 55 
W/SAXIRCE CODE 136 11M PFORCE + + SPÉCIAL Y M 
LMK 195 a8 PLINK@SPLUS 495 
LSE im å W PMAK T 
RPG II DEVELOPER SYSTEM MOU iliy 19S ak 
RPG Il COMPILER 70s ag PRE-L 295 — 159 
RFO II SEL” 239 | PTEL 3 
APE ORM Sonan B M8 rouymon 
SECRETDISK 120 t LYBOOST 
SIDETALK o ^ LYDESK JII 15 
SEPPE I s: ADD-ONS CALL CALL 
TEXT MANAGEMENT UTILITIES — !20 
va 386 C OR PASCAL m5 xw MOUSE PRODUCTS 
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PI EDITOR 


Turbocharge your productivity witb Pl, the only editor that automatically highlights 
your compilation errors and displays error messages. Slash development time in- 
stantly with PI's intuitive mnemonic commands, enhanced pop-up menus, contextual 
help and on-line manual. Bring out your best with PI's blazing/ 
speed, undo, macros, ‘Find All," regular expressions, lan- 
guage support, and fuli DOS access. The ultimate editing 
environment with built-in speed. 
Liat: $195 


WENDIN-DOS 


WENDIN-DOS is the new multi-tasking, multi-user MS-DOS replacement operating 
system for [BM compatible PC's, WENDIN-DOS uses the MS-DOS file system, and 
supports MS-DOS commands while providing new ones to enable multi-tasking, file 
protection, and command language extension and enables you to access your files with 
DOS, UNIX, or VAX/VMS style file names — whichever you prefer. Provides pass 
words and run privileges for system securing. WENDIN-DOS supporte several users 
on the same compuler. To add new users, the computer «x 

operator just aids communications ports and describes them 
in his configuration system file. Mmimum 512K memory. 
List: $99 Special Price: $79 


rFFT un gu Y 
ADVANTAGE C+ + 
Add ADVANTAGE C+ + to your C compiler and enhance your existing C tools with 
new object-oriented capabilities. Now available with MS Windows Support thia 
super set af C gives you the speed, support and reliability yau 
need ta develop large and complex programs with greater I EZEZDAMT* 
resilence, and fewer bugs. The latest version supports MS Bali Belle WEEE 
C4.0/5.0, and Quick. 
List: $495 


Special Price: $155 


Special Price: 3469 


A Diviajon of Hun Terheologaen, lat. 
12 Hiver Street, Tarrytown, NY 10581 


MARCH 1988 * BYTE 133 


HARDWARE REVIEWS 


Screening Macintosh II 
Color Monitors 


The Macintosh II (unlike its 
predecessor, the Mac Plus) was 
designed without a built-in 
video display device. This 
means that you can select 
display hardware (monitors or 
video cards) that are suitable for 
the specific demands of your work— 
color or gray scale, or larger monitors 
with more pixels. 

Apple's Mac II video board gives you a 
640- by 480-pixel display with 16 colors 
or gray scales for $499, and up to 256 
colors or grays if you add extra video 
memory to the board (for an additional 
$149). For displays, Apple offers a 
choice of a 12-inch gray-scale monitor 
for $399 or a 13-inch color monitor 
(which was in short supply last year) 
for $999. 

Since the Mac II's introduction, third- 
party vendors have brought out alterna- 
tive monitors for it, including larger moa- 
Kors displaying more pixels to meet the 
needs of those doing extensive CAD/ 
CAM or graphics work. We evaluated 
some of the first available Mac II dis- 
plays: two larpe-screen monitors from 
Personal Computer Peripherals Corp. 
(PCPC) and SuperMac Technology, and 
a standard-size monitor from 4Site 
Technologies. 

The Mac II architecture supports 
display formats of arbitrary resolution; 
the video card's configuration ROM sup- 
plies the screen dimensions and pixel 
depth ta the operating system when the 
computer starts up. Both SuperMac and 
PCPC take advantage of this flexibility 
by supplying video boards that provide 
more pixels than the standard Apple 
display. 

Fhe PCPC II [Trinitron] uses a 19-inch 
calor Trinitron monitor and a video 


Joel West is president and Neil Rhodes is 

manager of software development for 
Palomar Software Inc. (P.O. Box 2635, 

Vista, CA 92083). They are coauthors of 
the firm's Colorizer software package for 
the Macintosh I. 
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Joel West and Neil Rhodes 


A look at the PCPC il, 


the SuperMac Color Trinitron, and 
the Machroma C2D monitors 


board that displays 1027 by 768 pixels. 
This combination costs $5295. Super- 
Mac Technology offers a 19-inch color 
Trinitron monitor and tbe Spectrum 
1000/8 video board, which provides a 
1024- by 768-pixel display. This monitor 
and video board combination costs 
$5190. Both companies offer alternative 
lower-cost 19-inch displays (discussed 
later). 4Site Technologies’ Machroma 
C2D is a 14-inch color monitor that can 
display 926 by 580 pixels and costs $895. 
It does not use its own video board; you 
can use Apple's Mac U video board or 
another third-party video board. (For à 
look at IBM-compatible multiscan-type 
monitors that can be used or Mac Iis, 
such as the Sony Muluscan and NEC 
MultiSync, see “Multiscan Color Moni- 
tors" by George A. Stewart in the Febru- 
ary BYTE). 

We noted qualitative impressions of the 
monitor/video card combinations during 
normal use, including testing with vari- 
ous Macintosh software packages. We 
used our own Colorizer software pack- 
age, several MacApp demonstration pro- 
grams from Apple's Advanced Technol- 
ogy Group, and Spinnaker, a Palette 
Manager test program by Art Cahral of 
Apple. In addition, quantitative results 
were obtained at the laboratories of 
Microvision, which used its SuperSpot 
100 CRT analysis system on the three 
monitors. For reference purposes, we 
compared these systems with Apple's 
AppleColor color monitor and the Mac II 
video board. 


The Monitors 

The PCPC and SuperMac monitors are 
based on the 19-inch Trinitron manufac- 
tured by Sony, the GDM 1950 monitor 
(termed the GDM 1952 when equipped 


with a tilt/swivel base). The 
PCPC is available only with the 
till/swivel base. The two moni- 
tors appeared to function identi- 
cally during normai use, al- 
though testing showed a few 
subtle differences. 

These monitors are very bulky and 
heavy; in fact, under Federal Occupa- 
tional Safety and Health Administration 
employee guidelines, they require two 
people to move them. Due to their weight, 
you can't place them directly on top of a 
Mac II, as you can with smaller monitors. 
Thus, you need either more desk space or 
a stand that's sturdy enough to support 84 
pounds of monitor (the tilt/swivel base in- 
creases this load to 90 pounds). Super- 
Mac offers a tilUswivel stand to support 
its monitor; it costs $250. 

According to the manufacturer, the 
Trinitron can display 1280 by 1024 
pixels, but the nominal resolution with 
both of the supplied video boards is 1024 
by 768 pixels. This provides approxi- 
mately 250 percent of the screen pixels of 
ihe standard 640- by 480-pixel Apple 
Mac I] monitor, and 450 percent of the 
Macintosh Plus and SE's 512- by 342- 
pixel displays. The pixel density is ap- 
proximately that of the standard displays, 
so the net effect is a lot more screen area 
to work with when positioning applica- 
tion windows. This is particularly useful 
when working with MultiFinder, where 
the windows of all running programs 
must share the screen. A larger screen 
area lets you place application windows 
where you can bring them to the fore- 
ground at a mouse click instead of need- 
ing to pul] down the desk accessory 
menu. 

The 4Site Machroma CZD monitor is 
based on the Magnavox Professional 
8C M873 monitor. It has a 14-inch screen 
with a 13-inch viewing area. Combined 
with Apple’s video card, it offers a 
display of 640 by 480 pixels, It is slightly 
taller than the Apple monitor and is 5 
pounds lighter. 

The Machroma is the only one of the 


Photo 1: The three monitors reviewed. Top: 4Site’s Machroma C2D. Bottom left: 
The SuperMac Color Trinitron. Bottom right: The PCPC H [Trinitron]. Inset: The 
video boards for the large monitors. Top: The SuperMac Spectrum 1000/8. 


Bottom: The PCPC CGC/I. 


four monitors to include a 3-inch speaker 
and an audio input jack. It also has a Text 
switch that turns off the red and blue in- 
puts, producing a black-on-green display 
with the Mac II. 

The AppleColor High-Resolution 
RGB Monitor, which we used for refer- 
ence, uses a 13-inch Trinitron tube with 
Apple electronics. 

All the monitors except the Apple- 
Color have a nonreflective coating, 
which is an advantage in normal and 
bright office lighting. Both of the large 
screens are switch-selectable for 220/240 
volts AC, although different fuses are re- 
quired for the different voltages. The 
AppleColor monitor automatically ad- 
justs to higher voltages, while the Ma- 
chroma was supplied in the 120-V ver- 
sion only. 

PCPC and SuperMac each offer an- 
other 19-inch model, made by Mitsubishi 
and Ikegami, respectively. The PCPC II 
(Mitsubishi] costs $4995; the SuperMac 


Standard Color Monitor costs $2995, 
SuperMac also sells a [6-inch Trinitron 
that displays the same number of pixels at 
à higher density and costs $2495, and a 
19-inch gray-scale monitor that costs 
$1695. 


Video Cards 

To use one of these monitors, you must 
install a NuBus-compatible video card in 
the Mac II chassis. Opening up the Mac- 
intosh and installing the card may seem 
foreign to owners of earlier Macs, but it's 
a simple task, accomplished in less than 5 
minutes. No DIP switches are present on 
any of the boards: Following the NuBus 
standard, it's up to the board's configura- 
tion ROM to provide the computer with 
the necessary information and driver 
code. 

The output device for all the video 
cards is a RAMDAC by Brooktree Corp. 
This IC passes a digital value retrieved 
from video RAM to three built-in D/A 


= 


converters that drive the RGB analog sig- 
nals supplied to the monitor. 

Neither PCPC's nor SuperMac's 
video cards supported exactly the 1024- 
by 768-pixel display their manufaturers 
claimed. The PCPC board provided 
QuickDraw with 1024 by 767 pixels, 
while the SuperMac board supplied 1016 
by 768 pixels. Neither variation was sig- 
nificant in actual use. 

The PCPC video board is the smallest, 
at 10 inches long. The board is designed 
around the 75-MHz Brooktree 458 and 
the Texas Instruments TMS 3406] video 
system controller. It has 768K bytes of 
video RAM, allowing it to display 256 
colors; however, it supports only the 256- 
color mode and not the 2-, 4-, and l6- 
color modes available on the other 
boards. The lack of a 2-color mode is a 
serious limitation, since a number of pro- 
grams (e.g.. MacPaint 1.5, SuperPaint 
1.0, and TMON) expect a 1-bit deep (2- 
color) display; otherwise, they garble the 
screen image. With other video boards, 
the easiest fix for this problem is to set the 
display to the 2-color mode. Since the 
PCPC board doesn't have a 2-color 
mode, you're stuck until a new genera- 
tion of programs arrives that can properly 
handle a 256-color display. PCPC is 
aware of the situation and says it will have 
a video board that supports a 2- and 256- 
color mode by the time you read this. 

The SuperMac is the longest of the 
three boards at 13 inches. It uses thc same 
TMS 34061 and a 66-MHz Brooktree 
453. It also uses 768K bytes of video 
RAM to provide 256 colors, The tested 
board included version D11 of the Super- 
Mac ROMs-the third revision offered, 
correcting problems with the 4- and 16- 
color display modes. This version was 
made available to all customers late last 
year, according to the company. 

The SuperMac board demonstrated a 
minor (but annoying} display defect. 
When we changed the standard Quick- 
Draw color table, the top display line no- 
ticeably flashes to black before showing 

continued 
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Company 
Information 


Personal Computer Peripherals Corp. 


6204 Benjamin Rd. 
Tampa, FL 33634 
(813) 884-3092 


SuperMac Technology 

295 North Bernardo Ave. 
Mountain View, CA 94043 
(415) 964-8444 


4Site Technologies Inc. 
Machroma Division 
200 Seventh Ave. 

Suite 120 

Santa Cruz, CA 95062 
(800) 634-7483 


Apple Computer Ine. 
20525 Mariani Ave. 
Cupertino, CA 95014 
(408) 996-1010 
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the proper color. However, before this ar- 
ticle went to press, SuperMac sent us a 
new version (1.0B1) of the configuration 
ROM that corrects this problem. 

For comparison, the [2-inch Apple 
Macintosh Video Card uses a 40-MHz 
modified version of the Brooktree 453. 
The board is built around a custom 
frame-buffer chip instead of the Texas In- 
struments controller. It supports 2-, 4-, 
and [6-color modes standard, while the 
optional expansion kit (or its third-party 
equivalent) is needed for a 256-color 
mode. As shipped, the board comes with 
eight video RAMs and sockets for eight 
more. The additional RAM (sold by Apple 
as the Mac II Video Card Expansion Kit) is 
required for a 256-color display. 


Monitor Tests and Results 

A series of lÔ tests was performed at the 
Offices of Microvision in Campbell, Cali- 
fornia. The tests were run using the 
firm's SuperSpot 100 CRT analysis sys- 
tem. The standard SuperSpot test pat- 
terns are available only for MS-DOS ma- 
chines, so we wrote a comparable pro- 
gram for the Mac II using Color Quick- 
Draw calls and MacApp. 

The tested hardware included the 
AppleColor High-Resolution RGB Moni- 
tor; video cards from PCPC and Super- 
Mac and their monitors; and two Mac II 
Video Cards, with the optional video ex- 
pansion kits, to drive Apple's monitor 
and the Machroma monitor. 


Figure |: Measured spot sizes 


for the monitors in millimeters, 


Figure 2a: Jitter measurement, 
Figure 2b: Swim measurement. 
Figure 2c: Drift measurement. 
All measurements in millimeters. vy 


REVIEW: MACINTOSH If COLOR MONITORS 


The monitors were allowed to warm to 
operating temperature (about 30 min- 
utes), and the brightness level was ad- 
justed for best definition. The entire 
screen was flooded with green, since the 
sensor was most sensitive to this color, 
and the intensity was measured. The light 
levels in foot-lamberts for each monitor 
were as follows: PCPC, 19; SuperMac, 
16.7; Machroma, 17; and AppleColor, 
15. The tests measured the spot size; time 
variance effects such as jitter, swim, and 
drift; misconvergence; and voltage 
regulation. 

Spot size is the minimum size that can 
be illuminated by the electron beam. The 
tests provide separate readings for hori- 
zontal and vertical dimensions. Measure- 
ments were made in the center and the 
corner of the screens. The square root of 
the sum of the squares of the horizontal 
and vertical measurements provides a 
single number that corresponds to the 
length of a diagonal line across a spot. 
Spot size shows the fineness of the 
display beyond the nominal dot-pitch 
specification. The spot sizes arc shown in 
figure 1; they have been normalized for a 
screen size of 13 inches. 

The two 19-inch Trinitron monitors 
did not perform identically. The spot size 
for the PCPC monitor was measurably 
smaller than that of the SuperMac moni- 
tor—in fact, it was the smallest for the 
monitors tested. This result was repeated 
when testing the PCPC monitor with the 


REVIEW: MACINTOSH If COLOR MONITORS 


SuperMac card. Other measurements, 
such as line variation, were better for the 
SuperMac; this suggests sample-to- 
Sample variations in factory adjustments. 
The Machroma monitor had the largest 
spot size and the largest variation between 
the center and the comer of the screen. 

Time variance measures undesirable 
fluctuations in the beam position. Jirrer is 
high-frequency movement (measure- 
ments were made over half-second inter- 
vals), swim is medium-frequency move- 
ment (measurements were made over 10- 
second intervals), and drift is low- 
frequency movement (measurements 
were made over 60-second intervals). Jit- 
ter can cause eyestrain; large amounts of 
drift can make precision graphics or 
CAD work difficult. 

Microvision measured horizontal and 
vertical variance separately. Maximum 
variance and average variance for jitter, 
swim, and drift were recorded. Measure- 
ments were made only in the center of the 
screen. Again, linear measurements have 
been adjusted for a 13-inch screen. Fig- 
ures 2a, 2b, and 2c present the results for 
average variance of the three measure- 
ments. The SuperMac and Apple moni- 
tors had the lowest time variance, and the 
Machroma monitor had the highest. 

Misconvergence measures errors in the 
electron beam/phosphor dot alignment; 
these errors cause color fringing. Mis- 
convergence was measured at the center 
of the screen (usually best case) and the 


Key to Charts 


1 FPFCPC |I 3 Machroma 
2 SuperMac 4 AppleColor 


All measurements are normalized for 
a 13-inch screen. 


[| 
0.08 
Horizontal 


upper left corner (usually worst case). 
The amount of error in the red-green, 
blue-green, and red-blue convergence in 


horizontal and vertical directions was : 


measured separately. Linear measure- 
ments were adjusted for screen size. (See 
figures 3a and 3b.) There were no clear 
winners here, but the SuperMac had the 
best horizontal convergence, and the 
Machroma had the best vertical 
convergence. 

You can gauge the quality of a moni- 
tor's voltage regulation by how much a 
line's position is displaced when the 
screen is black versus when the rest of the 
screen is filled with white. Ideally, the 
line shouldn't move. We compared a 
horizontal line's position on the screen 
when the rest of the screen was black, and 
then when the screen was white; a verti- 
cal line was similarly compared. Again, 
the results were normalized for screen 
size. Figure 4 shows the voltage regula- 
tjon test results presented as horizontal 
and vertical displacements. The Apple- 
Color monitor showed exceptionally 
good voltage regulation. The Machroma 
monitor was the only one of the four to 
show poor high-voltage regulation; the 
test pattern moved noticeably as the num- 
ber of displayed pixels changed. 


The Price of a Large Screen 
None of the three rival monitors was quite 
as good subjectively as the AppleColor 
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Figure 3a: Horizontal RETURN. 
at center, in millimeters. 

Figure 3b: Vertical misconvergence 

at center, in millimeters. 


Figure 4: Line displacement 
in millimeters. Y 
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Monitor 


Screen size 
Resolution! 


Display area! 
(in mm) 


Aspect ratio 
Dot pitch 


Scanning 
frequencies! 


Bandwidth 


Power 
conaumption 


Power input 


Antiglare 
Signal 


connector type 


Video 


Audio 
Dimensions 
Weight 


Tilt and swivel 


Warranty 
Price 


Notes: 


PCPC Il 
[Trinitron] 


19 inch 
1024 by 768 
360 by 270 


1.33 
0.31 mm 


49 kHz by 
60 Hz 


100 MHz 


220 W 


100/120 V 
220/240 V 


90 pounds 
Standard 
1 year 
$52952 


inquiry 888. 


1. Horizontal by vertical. 
2. Includes price of video board (video board and monitor sold as a set). 
3. Price of monitor and video board (monitor alone is $3695). 


SuperMac 
Color 
Trinitron 


19 inch 
1024 by 768 
350 by 270 


1.33 
0.31 mm 


53 kHz by 
60 Hz 


100 MH2 


300 W 


100/120 V 
220/240 V 


18by21by 19 18 by 21 by 19 


84 pounds 
$250 
90 days 
$51909 


Inquiry 889. 


4Site 
Machroma 
c2D 


14 inch 
926 by 580 
250 by 186 


1.39 
0.31 mm 


35 kHz by 
60 Hz 


25 MHz 


132 W 
120 V 


Yes 


DB-9 
female 
RCA jack 


13 by 14 by 15 


29 pounds 
$35 
1 year 
$895 
inquiry 860. 


` 


AppleColor 


High-Resolution 


RGB Monitor 
13 ineh 
640 by 480 
235 by 176 


1.33 
0.25 mm 


35 kHz by 
66.7 Hz 


23 MHz 


160 W 
85/270 V 


No 


DA-15 
female 
N/A 


12 by 14 by 15 
34 pounds 
$89 
90 days 
$999 
Inquiry 881. 


PCPC SuperMac Apple 
SUMMER RUNG Jove a a ta CGC/1 Spectrum 1000/8 Macintosh il 
2-ycar warranty Video Card 
Resolution’ 1016 by 768 1024 by 767 640 by 480 
Scanning frequencies 
Horizontal 49 kHz 48.2 kHz 35 kH2 
Vertical 60 Hz §9.3 Hz 66.7 Hz 
Connector DB-9 DA-15 DA-15 
NATIONAL me eren — 
—— pie -== - Bosrd tength 10 inches 13 inches 12 inches 
| TRUMENTS Warranty 1 vear 1 year 90 days 
The Leader in IEEE-4B8 Price $1595 $1495 $648? 
1J10d Tethnplogy Blvd. Inquiry 892. Inquiry 893. Inquiry 894. 
LT Austin, [Texas *78727-5208. | | Notes: 
CALL FOR FR EE CATALOG 1. As measured; honzontal by vertical. 


fp 


| 800/531-4742 512/250-9119 | 


ETE ee 


r 7 T 1 j F j ] 


2. Price includes 256K-byte video RAM upgrade for 256 colors (without upgrade, price is 
$499, and card displays only 16 colors). 
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monitor, The tests indicate that although 
ihe AppleColor's convergence and spot 
size is not as good as that of the larger 
monitors, the low time-variance mea- 
surements and the superior voltage regu- 
lation probably contribute to the favor- 
able impression. 
From the standpoint of display quality, 
the rwo 19-inch monitors were very 
. The colors were as good as the 
AppleColor's, although the displays did 
not appear to be quite as sharp. The much 
larger display area is a decided advantage 
for many applications. Remember, how- 
ever, that since there are more pixels to 
update, the two 1024- by 768-pixel moni- 
tors are considerably slower than the 640- 
by 480-pixel screens. Of course, whether 
the bulk, weight, and price of these moni- 
tors is likely to rule them out must be up 
to you, 
The Machroma C2D was disappoint- 
ing in comparison to the other three mon- 
itors, The display did not appear to be as 


sharp as the others, and the contrast was 
low. This observation was confirmed ob- 
jectively by the test results. In addition, 
the white had a marked greenish tint. The 
saturation of pure colors was poor, par- 
ticularly for red. We found little reason to 
recommend the Machroma monitor. If 
you're looking for a medium-size moni- 
tor other than the Apple, then you should 
consider one of the betier multiscan mon- 
itors reviewed in the February BYTE, 
such as the Sony CPD 1302 or the Taxan 
770 Plus. 

Among video cards, the Apple board 
again set the standard: It worked flaw- 
lessly, and it supported the 2-, 4-, 16-, 
and 256-color modes without any prob- 
lems. The PCPC video board showed no 
real problems, but the lack of a 2-color 
mode made it incompatible with the 
TMON debugger and SuperPaint. Also, 
all software works considerably faster 
when updating 87 percent fewer video 
bits in a 2-color mode (1 bit instead of 8). 


We run our Mac II monitors in the 2-color 
mode for development work a significant 
portion of the time, and a board like the 
PCPC that does not support this would be 
unacceptable for our own purchase. The 
4-color mode is rarely of use, but the 16- 
color mode frequently proves to be an 
acceptable compromise between speed 
and color fidelity. 

The SuperMac video board performed 
capably, but only after the problems with 
the configuration ROM were corrected. 
If you decide to buy the SuperMac board, 
we recommend that you check to sec that 
it has the latest version of the configura- 
tion ROM. B 
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Pushing the Mac SE 


Laurence H. Loeb 


Macintosh SE accelerator boards plug 
into the SE's single expansion slot to let 
SE owners upgrade their computers to 
near- Macintosh IT power without buying 
a new and more expensive machine. The 
two accelerator boards examined here, 
the Radius Accelerator ($995) and Mac- 
Memory's Turbo SE ($599), claim to 
more than double the Mac SE's process- 
ing power. 

The idea of a plug-in board that by- 
passes the Mac SE's processor is not a 
new one. In a previous review (November 
1987 BYTE), 1 looked at two of the first 
accelerator boards for the SE: the Prodi- 
gy SE from Levco and the HyperCharger 
020 from Genera! Computer Corp. 
(GCC). These two boards boost the Mac 
SE's computing power by supplying a 16- 
MHz 68020 processor and 1 megabyte of 
32-bit memory that replaces the com- 
puter's original 8-MHz 68000 processor 
and 1 megabyte of 16-bit memory. 

The Radius Accelerator and Turbo SE, 
however, use different approaches to en- 
hance the Mac SE's performance. While 
the Radius accelerator has an on-board 
16-MHz 68020, it uses 32K bytes of 
zero-wait-state 32-bit-wide cache mem- 
ory. The MacMemory board uses a 16- 
MHz 68000, clocked at twice the speed 
of the SE's processor, but it still uses the 


Mac SE's 16-bit memory for program 
storage. Like the Prodigy SE and Hyper- 
Charger, both of these boards have a 
socket for an optional 68881 floating- 
point unit {FPU}. 


The Radius Accelerator 

The first board I examined was the Ra- 
dius Accelerator. I looked forward to 
evaluating this product because it offered 
a reasonably priced board with a 68020 
processor and the 68881 FPU socket (the 
review unit contained the 68881). 

The installation documentation that 
came with the board was abysmal: It con- 
sisted of a single sheet of paper with text 
printed on each side. The documentation 
cautions that only a Radius authorized 
dealer should install the board. There's 
good reason for this: Its design results in 
an installation procedure that, with some 
bad luck, could damage your Mac SE 
motherboard. 

The SE motherboard is hinged on one 
side. To remove it, you shift the mother- 
board along its axis, then swivel it out of 
its locked position (much like pulling up 
on 3 door before swinging it open). The 
Radius daughterboard contains a connec- 
tor that coincides with a hole in an inter- 
nal metal strut when the board is installed 
on the Mac SE motherboard. The con- 


The MacMemory Turbo SE board 
(left), and the Radius Accelerator board 
fright). 


nector implements Radius's “*Magic- 
Bus," an expansion bus for additional 
hardware add-ins. Currently, it connects 
only to Radius's Full Page Display. 

The MagicBus connector prevents you 
from reinstalling the motherboard in the 
same way that you took it out (i.e., you 
can't swing the door shut, then let it drop 
down). Radius's installation notes say 
that “you will not be able to slide the 
Macintosh board back inte the chassis 
and will have to pop it back into place by 
putting first one edge into the side rail 
and then prying with a flat blade screw- 
driver to pop the other edge into the side 
rail." In almost a year of product re- 
views, this is as close as I have come to 
cracking the Mac SE's motherboard in 
half. Until this installation procedure is 
changed, I recommend that your Radius 

continued 
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Radius Accelerator 


Type 
Macintosh SE accelerator board 


Company 

Radius Inc. 

404 East Plumena Dr. 
San Josa. CA 95134 
(408) 434-1010 


Features 

16-MHz 68020 processor; socket for 
68881 math coprocessor; 32K bytes of 
zaro-wuit-state cache memory; 
connector tor Radius Full Page Display 


Size 
at by 4% inches 


Hardware Required 
Macintosh SE 


Software Required 
System 3.2/Finder 5.3 or higher 


Documentation 
Two-page installation Guide; 12-page 
User's Manual 


ons 
16-MHz 68881 math coprocessor: 
$395 


Price 
$995 


Inquiry 886. 


dealer install the board, even if you are 
technically competent. Once installed, 
the accelerator board doesn't require any 
further adjustments via the Control Panel 
or a desk accessory. 

A 12-page user's manual provides tips 
on using the board. It shows you simple 
things such as how to tell when the accel- 
erator is active (it displays a start-up 
screen) and how to turn the accelerator 
off (hok! down the mouse button after 
you power up the computer—you can turn 
it off from a preferences panel that ap- 
pears). If you use MacWrite 4.5, you 
don't have to add 3 special compatibility 
file, as some accelerator boards require, 
because the Radius board patches the of- 
fending TRAP vectors automatically. 
This feature is of limited value if you're 
using MacWrite 4.6, which works cor- 
rectly with all Macintoshes. 

A yellow insert in the package advises 
you to back up your hard disk before in- 
stalling the Accelerator because some 
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Turbo SE 


Type 
Macintosh SE accelerator board 


Company 
MacMemory 

2480 North First St. 
San Jose, CA 95131 
(800) 862-2636 
(408) 922-0140 


Features 

16-MHz 68000 processor; socket for 
68881 math coprocessor; uses memory 
already in Mac SE; adds 128K bytes of 
memory for use by video and sound 
circuitry; connector for The Big Picture 
video display from E-Machines; TurboB81 
INIT fite for 68881 support 


Size 
8v2 by 5 inches 


Hardware Required 
Macintosh SE 


Software Required 
System 3.2/Finder 5.3 or higher 


Documentation 
57-page Turbo SE installation and 
Owner's Manual 


Options 

16-MHz 68881 math coprocessor: 
$399 

4 megabytes of 120-ns RAM: $1798 
(price vanes) 


Price 
$599 


Inquiry 887. 


formatting software "has exhibited in- 
compatibility problems with the Acceler- 
ator, destroying data on start-up." Ra- 
dius also provides a list of tested hard disk 
drives. Backing up the hard disk drive is a 
good idea before doing any major hard- 
ware change. 

The Radius board requires that you 
power down the Mac SE to switch be- 
tween the 68020 mode and the 68000 
compatibility mode. Some users may 
find fault with the need to power down the 
Mac to change modes, but I never found 
this procedure necessary because I en- 
countered no software incompatibilities. 

The latest versions of all the software I 
normally use worked with the Radius's 
68020 mode. Several programs that use 
the 68881 floating-point processor also 
worked just fine, including beta versions 
of Borland's Eureka for the Mac and 
super-3D by Silicon Beach Software. 
Red Ryder 10.3 worked well with the 
board, too, although version 9.4 of the 


program had caused problems with the 
Prodigy SE and HyperCharger boards. 
This indicates that software vendors have 
tried to make their code 68020- and 
68881-compatible since the Mac II's 
introduction. 


Fast Cache Memory 

The problems with installation should not 
blind you to the immediate benefits of 
using the Radius Accelerator: Programs 
run noticeably faster, and the screen re- 
freshes itself faster. One example is re- 
turning to Finder from an application. 
With a hard disk, Finder can take a few 
seconds to redraw all the icons on a 
crowded desktop. Maybe it's my Type A 
personality, but waiting for this redraw 
annoys me. With the Radius board in- 
stalled, this redraw time is decreased to 
acceptable levels. 

A significant factor in the Radius's 
performance is its one unique feature: 
cache memory. Unlike the Prodigy SE or 
HyperCharger boards, the Accelerator 
doesn't have a megabyte of 32-bit mem- 
ory to store the executing program. It has 
32K bytes of zero-wait-state 32-bit cache 
memory, of which 22K bytes is used to 
store the memory-mapped screen (one of 
the reasons the board appears to work fast 
is the quick screen-refresh time), 8K 
bytes is for program data, and 2K bytes is 
for “housekeeping” information. When a 
cache miss occurs, the program code 
(which is in 16-bit memory) is simulta- 
neously exccuted and copied into the 
cache, avoiding a separate copy operation 
that would slow the processor down. 

As a result, the computer stores the 
most recently used parts of the program 
(whether executing code or Macintosh 
ROM calls) in cache memory. This mini- 
mizes the Mac SE's number of slower 16- 
bil memory accesses and allows tbe 
68020 to do fetches from cache memory 
at the maximum data transfer rate. Ra- 
dius's 32K bytes of cache memory is 
faster than the HyperCharger's and Prod- 
igy s 1 megabyte of memory because 
these boards’ memories always run at one 
wait state, while Radius's always runs at 
zero wail states. 


The Turbo SE 
MacMemory takes a completely different 
approach in its Turbo SE board. It uses a 
16-MHz 68000 processor clocked at 15.8 
MHz (from the CI6M signal present in 
the SE) to speed things up. The company 
says it took this approach (which none of 
the other boards uses) to offer compati- 
bility with all existing Mac software. 
(However, as I stated earlier, I didn't find 
software incompatibility with the 68020 
to be a problem.) 

continued 


AutoSketch 


A Resource to Draw Upon 


T ogetany job done, you need the right tools, Ideally, they 
should be extensions of your talents, freeing you to do 
what you do best. And speed, precision, flexibility, and 
consistency are always top priorities, no matter what the job. 
If communicating with drawings is part of your job, 

> AutoSketch should be one of your resources, 
AutoSketch from Autodesk. the developers of 
AutoCAD? is the precision drawing tool for professional 
use. It's fast, powerful, and simple to learn. The price is 

! right, too. 

With AutoSketch and your personal computer, you'll enter the world of computer-aided 
drawing with ease. You may never have designed with a PC before, and vu may think it's 


il 


bound to be complicated and time-consuming. Surprise! With AutoSketch, you'll probably 
be up and running in about an hour. 
Despite its ease of use, AutoSketch is à 
full-function, object-oriented CAD program. 
Pull-down menus and dialog boxes | 
help you each step of the way. 
With a click of the mouse, you can 
draw, then copy, mirror, or move 
Objects, even create symbol libraries. 
AutoSketch automatically updates 
measurements whenever you stretch, 
scale, or rotate dimensioned objects. 
It even keeps track of everything you 
do. so that you can delete and restore 
parts of your drawing as easily as you 
change your mind, using successive 
undo or redo commands. 


We know you'll be impressed with the professional results. So will your 
clients and colleagues. 


AutoSketch runs on the IBM PC/XT/AT and 
10096 compatible systems with a minimum of 512K 
RAM and either color or monochrome display. 

If your PC has an 8087 or 80287 math coprocessor, 
the standard version operates about three times 
faster. The speed-enhanced version, requiring — 4, 
the coprocessor, is three times faster still, V i 

Call 800-445-5415 for the name of the 
AutoSkeich Dealer nearest you or more 
information on supported peripherals. 

To order direct with MasterCard or Visa, 
call 800-221-2521, or 415-331-0356. 
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REVIEW; PUSHING THE MAC SE 


Table 1: As these benchmarks show, the Radius board outperforms the Turbo SE and boosts the Mac SE's performance 
to close to that of the Mac II. All times are in seconds, except the Dhrystone, which is in Dhrystones per second. 


Prodigy 


Fibonacci - 


Price, with 
68881 FPU (tor 
boards only) 


$1499 


Hyper- 


SE Charger 020 


$1699 


Standard 
Mac Il 


Radius 


| 889 


Accelerator 


MacMemory 
Turbo SE 


Standard 
Mac SE 


203 1 


199 


N/À $1390 


"Far the Dhrystone tast only, higher numbers denote faster performance, 


Notes: 


4927 .— 


74.10 


2 67 4,90 
$2796 with N/A 
4meg ol 
120-ns HAM 


1, The Radius tested had 1 megabyte of memory and 32K bytes of fast hardware cache memory. The Turbo SE had 4 megabytes ot 
120-ns memory. The HyperCharger used the SE memory as a 1-megabyte RAM disk and had an additional 1 megabyte of 32-bit 
memory. The Prodigy had 1 megabyte of SE memory and 1 megabyte of 32-bit memory. The Mac SE and Mac I! had 1 megabyte of 


memory each 


2. For details on the C language benchmarks, see “A Closer Look" by Richard Grehan in the September 1987 BYTE. 
3, The Spreadsheet tests open and recalculate a 25- by 100-call Excal 1.04 spreadsheet. Scroll shows how long it lakes to scroll through à 
| 40K-byte MacWnte 4.6 text file from beginning 1o end. 


The Turbo SE also installs differently 
from the others. One of the ways that 
MacMemory achieves its low price is to 
use the 16-bit memory of the Mac SE— 
which makes sense because its 68000 
processor can't use 32-bit-wide memory. 
But you must take the SIMMs (single in- 
line memory modules) from the mother- 
board and put them into the accelerator 
card. This is not beyond what a techni- 
cally competent user can do, especially 
with the 21-page well-illustrated installa- 
tion section in the Turbo SE manual 
(which is the best such manual I have 
seen 50 far). 

MacMemory also recommends that 
you take the two Mac ROMs and place 
them in sockets on the Turbo SE daugh- 
terboard. They work faster that way, but 
jumper blocks on the board let you leave 
the ROMs on the motherboard if you 
don't want to move them. 

MacMemory supplies two 64K-byte 
SIMMS that you plug into the now-vacant 
SIMM3 and SIMM4 motherboard mem- 
ory sockets. The Mac then uses this 
memory for the video display, leaving the 
remaining memory for other uses. Ac- 
cording to the company, these changes 
"increase screen drawing speed by al- 
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most 50 percent above the speed gained 
by doubling the Mac SE's clock speed. " 

Once you have installed the ROMs and 
SIMMs, the board inserts into the SE ex- 
pansion connector without problems. 
The two plastic retainers that connect the 
accelerator and motherboard are the best 
way of providing mechanical support that 
I have seen in all the boards I have 
reviewed. They are much easier to install 
and remove than the plastic post and 
the metal-screw-with-nonremovable- 
lock-washer system that Radius uses. 

The last step of the installation process 
is to set the on-board jumpers to the cor- 
rect positions for the RAM/ROM config- 
uration installed. The board can accept 
up to 4 megabytes of 120-nanosecond 
(ns) memory, although the Mac SE's 
memory (which will go on the Turbo SE 
board unless you buy new SIMMs) is 1 
megabyte of 150-ns memory. 

The Turbo SE's manual is clearly de- 
signed to assist the technically competent 
user in installing the board. But, like 
Radius, MacMemory insists that only 
certified technicians should do the instal- 
lation, to keep from voiding AppleCare 
coverage and any Apple warranties. 

The Turbo SE's options include E- 


Machine's Big Picture video display 
(which connects to a socket on the board) 
and the 68881 floating-point copro- 
cessor, which was installed on the board I 
reviewed. MacMemory provides a soft- 
ware INIT file to patch the calls from the 
Apple SANE (Standard Apple Numerics 
Environment) to use the 68881. This 
allows Excel, for instance, to recognize 
ihat the 68881 is present even though a 
68020 isn't. To install INIT, drop it into 
the System Folder of your stari-up disk 
(whether a hard or floppy disk), then re- 
start your Mac using this disk. 


Ranking Performance 
Once installed, how do these boards stack 
up? To get an objective measurement, | 
ran BYTE's set of C benchmarks with 
both boards, using Lightspeed C 2.01. I 
also checked the boards' performance on 
a couple of applications-oriented tests 
with Excel 1.04 and MacWrite 4.6. For 
the Excel and Mac Write tests, the System 
Folder had no unnecessary INIT and 
cdev files, and there was no caching from 
the Contro] Panel. To measure its maxi- 
mum performance, I tested the Turbo SE 
with 4 megabytes of 120-ns (one-wait- 
continued 


JesigncAD A- D is a complete 3-Danensiornal CAD system. ft eom 
wires favurubly with systems costing more than $3000! Hut, in the 
rear American tradition we said “Aw... What the Heck Let's see 
hu other guys beat this" DesignCAD ID us $299. Complete. 
Ince again, American Small Business Computers has proved that 
au don't always have to spend a lot of money to get quality soft 
» DesignCAD 3 D provides features such as Shading, Hidden 
ine Removal Printer and Plotter support, and extensive file trans 
r cupabtlitu, all Jor $299! No other 3 Dimensional CAD system can 
me close to providing the price: performance of DesignCAD 3 D. 


"heri i$ a very important reason to buy Design CAD J-D other than 
ri: PERFORMANCE. Design CAD 3 D provides complete 3-Dimen 
anat drawing capabilities. Us not u “warmed over" 2-D program. 
esiin CAD 3 D allows you to draw ang entity tn 3D space. This 
Lun fur example, that you can draw a curve in the shape of a 
ing. You can draw a circle or are at ANY angle on ANY plane. 


signé AD 3 D allows up to 4 sumultaneous views ang anie or 
'rspectie on the screen DesignCAD 3-D also provides complea 
rusipmns  unear. scalar, and circular. Extensive 3- D text capabtli- 
and auto dimenstoning are provided at no extra charge. of 

LEM tee", 
esigni_Al).) D provides the capabiltty to read drawings from most 
her CAD systems {DesignCAD ProDesign ll, AutoCAD's DXF, and 
RES file formats, You can also send a view ofa 3-D drawing to other 
M systems. These features are included at no extra charge, of 

CIEL Sa. 
SignicAD ID almost certatnly is compatible with the computer 
yshem you now otn. DesignCAD 3-D supports more than 200 dor 
1irix printers. at high resolution DestgnCAD 3: D supports more 
ian BO platters, and mast digitizers and graphics adapters avatt 
ble für "PC Compatible" systems. Shaded and wireframe models 

an be output to the printer or plotter YOU own. 


DesignCAD 3 D does not require expensive graphics adapters and 
monitors even shading can be done on ordinary displays such 
as the Enhanced Graphics Adapter (EGA), Color Graphics Adapter, 
or Hercules monochrome adapter. 


However, the best reason to buy DesignCAD 3-D is not the low 
price. It's not the outstanding performance, It's not the extensive 
hardipare compatibility, The best reason to buy Desígn CAD 3-D is 
for its amazing ease of usel 

DesignCAD 3 D provides powerful commands you can use to pro 
duce professtonuat 3-Dunensional drawings in less time than you 
thought possible! Design CAD 3-D commands can be selected from 
the menu or entered as fast. single keystroke commands. We have 
found DesignCAD 3. D to be easier to learn and easier to use than 
any J Dimensional CAD system for the IBM PC, at any price! 


What else do you need to know about DesignCAD 3-D? Only this: 
"Inctuded at No Extra Charge." What ts included at no extra charge? 
EVERYTHING! $299 BUYS IT ALL! 

How do gou get one? 

See your locat dealer, or contact. 

American Smüal! Business Computers, int, 

115 South Mul Street 

Pryor, OK 74:161 

(918) 825 48H44 


Telex 9102400302 
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state) memory. Al] four accelerator 
boards had a 68881 installed. 

In all the tests except the Float and the 
Savage, the Radius board outperformed 
the Turbo SE, turning in times from 50 
percent to almost 300 percent faster (see 
tabic 1). The Turbo SE outranked the 
Radius board in both the Float and the 
Savage; the Turbo SE's performance on 
the Savage benchmark was more than 10 
times better than the Radius's. 

True to the company claims, both ac- 
célerator boards significantly outper- 
formed the Mac SE. In all but the Float 
and Savage benchmarks, the Radius 
board matched or topped the Mac II. The 
Turbo SE beat the Mac II in the Savage 
only, falling short on the other tests. 

Neither the Radius Accelerator nor the 
Turbo SE matched the Dhrystone perfor- 
mances of the Prodigy SE and the Hyper- 
Charger 020. However, the Radius Ac- 
celerator approached their performances 
in several of the tests, The Turbo SE 
came close to or beat their performances 
in the Float and Savage benchmarks only. 

The times for the Savage benchmark 
deserve some interpretation and qualifi- 
cation. The Radius board does poorly 
(457.2 seconds) because it uses the 
SANE routines to calculate the transcen- 
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dental functions that the Savage bench- 
mark emphasizes. The HyperCharger's 
time of 32.69 seconds is achieved with 
the use of GCC's numerics package, 
which is less accurate than Apple's 
SANE, but much faster. (The SANE 
package, based on an [EEE floating- 
point arithmetic standard, is much more 
precise than most applications require— 
the GCC numerics package has an error 
of 6 x 10° compared to the SANE's re- 
sult.) Note that when the HyperCharger 
uses the SANE package, jt achieves a 
time of 458.91 seconds—virtually identi- 
cal to the Radius's result. 

A spokesperson at Radius said that the 
company is now testing its own faster 
math package, which may be available by 
the time you read this. Like the Hyper- 
Charger, the Levco Prodigy uses a nu- 
merics package that's less accurate but 
faster than SANE; it offers no option for 
using SANE, however, 


Most Bang for the Buck? 

Although the Radius Accelerator has a 
risky installation procedure, I prefer this 
board to the Turbo SE. [ts increase in per- 
formance is worth the extra $400 (or less, 
depending on street prices) over the base 
price of the Turbo SE. 


If you're really on a ught budget, the 
Turbo SE with 1 megabyte of 150-ns 
memory offers an improvement over an 
unenhanced Mac SE. However, if you 
buy 4 megabytes of 120-ns SIMMs from 
MacMemory for maximum perfar- 
mance, the price of the Turbo SE jumps 
to about $2796—about $1400 more than 
the cost of the Radius board. Keep in 
mind, though, that MacMemory'‘s 
SIMMs are pricey; you can buy less ex- 
pensive ones from other vendors. 

Overall, though, the performances of 
the Levco Prodigy SE and the GCC 
HyperCharger 020 make them stil] better 
choices—tven over a Mac []—if you can 
afford them. W 
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How a software engineer 
got to captain the 
lunar landing module. 


Computer Museum is everything 


youd or and a lot of things you 
wouldnt. 


Of course, the museum contains a 
collection of the most significant accom- 
plishments in the history of information 
processing. But it's not just a great place 
to see things, t's also a great place to 


do things. 


There are over twenty interactive ex- 
hibits at The Computer Museum. You can 
design a car, create your own fractal land- 


module on the Apollo flight simulator. 
So, the next time youre in 


Boston, stop 


The Computer Museum. You'll discover 
| its more than a lot of machines, it's also a 


7] lot of fun. 


For more information, or to become a 
Museum Member, write The Computer 


| Museum, or call (617) 423-6758. 


scape, or ever captain the lunar landing 
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300 Congress Street, Boston, MA 02210 


The Computer Museum 
E LJ . E —E X LL de 


Theres something in it for everyone 


Sa SET 
ALL CLONES ARE CREATED EQUAL....BUT CMO MAKES THE DIFFERENCE 
GREAT PRICING * EXPERT CONSULTATION * ONE YEAR WARRANTY 


BASIC SYSTEM CONFIGURATION: 


NEC V-20 CPU, 12 MHz Speed 
640K Mother Soard Memory 

B I/O Expansion Slots 

360K Floppy Disk Drive 

Floppy Disk Orive Controller 

Clock Calendar with Battery Backup 
150 Watt Power Supply 

IBM Compatible 8IOS 

4 Halt Height Front Storage Slots 
100-Key AT-XT Switchable Keyboard 
24 Hour Burn-In 


PC-TOO 
12 MHz 
XT SYSTEM 


[ 


BASE SYSTEM PRICE: No CAPC12-01 $5 79 


Monitor Optional 
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BASIC SYSTEM CONFIGURATION: | 


e 8 MHz 80286 16-Bit Microprocessor | PC-TOO 
512K Motherboard Memory Expandable to 1 MB 

12 V/O Expansion Slots (6 16-Bit & 2 8-Bit) 8 MHz 
Clock Calendar with Battery Backup 

1.2 MB Floppy Disk Drive AT SYSTEM 
Hard Disk/Floppy Controller Card 

238 Wail Power Supply 

Fully Compatible High Speed BIOS 

B4 Key 5151-Type Style Keyboard 

Microsoft MS-DOS with GW Basic 

5 Half-Height Front Storage Slots (4 exposed) 

24 Hour Burn-In 

DOS with GW Basic 


BASE SYSTEM PRICE: vo cas17001 $999 | E pO | | 4: | 


* 9 as à» €* $ 4 &@ @ 9 9 9€ 


Monitor Optional 


BASIC SYSTEM CONFIGURATION: 


10 MHz 80286 16-Bit Microprocessor 

512K Motherboard Expandable to 1 MB 

12 #0 Expansion Slots (6 16-bitl & 6 B-Bit) 
Battery Backed-up/Real-Time Clock 

1.2 MB Floppy Disk Drive 

Dual Hard Disk/Dual Floppy Controller Card 
238 Watt Power Supply 

Fully Compatible High Speed BIOS 

5 Half-Height Front Storage Slots (4 exposed) 
101-Key Enhanced Keyboard 

24-Hour Burn-in 


PC-TOO 
10 MHz 
O WAIT SYSTEM 


- MI 


mig M LL i ie ll 
Ls 7.8 PE FE 4,8, 8, TE: 1" » 
ES t OR ASU — 


BASE SYSTEM PRICE: No CA5191.01 $1 199 


477 East Third Street, Dept. A1. Williamsport, PA 17701 
Alt Major Credit Cards Accepted 


FOR FAST, FRIENDLY, KNOWLEDGEABLE SERVICE 
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IBM 

PS/2 Model 30 

a 720KB 3'2" Disk Drive 
s. 640K RAM, BMHz 

» 20 MB Hard Drive 

* 101 Enhanced Keyboard 


No IBS32 


AST 

Premium Model 140 
* 1.2 MB Floppy, 101 Keyboard 
s FastHAM 1M MB. 

a 80286, 10MHz, Zero Wail 

« AST 3 G Plus Board 


No ATP14C 


$1699 


$2499 
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PS/2 Modei 50 

= 80286, 10 MHz 

» 128K ROM, 1 MB RAM 
* 20 MB Hard Drive 

* 144 MB 3.5" Disk Drive 


No. IBS50 


COMPAQ 


DeskPro 386/20 Model 60 
* B0386 Processor, 20 MHz 
* 1 MB RAM, 1.2 Floppy 

* 60 MB Hard Drive 

« Parallel and Serial Ports 


No CO145 


$2799 


*5899 


IBM 

PS/2 Model 80 

* 8386, 16 MHz Micro Processor 
* | MB RAM, VGA Display 

* 40 MB Fixed Disk Drive 

e 1.44 MB 3.5" Disk Orve 


No IBS80 


$5296 


NEC 


PowerMate Il 

* 12 MB Floppy Drive 

+ 640K RAM, 16 MHz 

* 40 MB Fixed Disk Drive 
* MS-DOS 3.2 &à GW-Basic 


No HIHS501K 


TOSHIBA 
T-1000 Lap Top 


* Fully (8M compatible 
* 512K HAM 

® 720K 3" Disk Drive 
+ 640 x 200 Pixels 


No T81000 


3799 


NEC 


Multispeed EL 

* Dual 342" 720K Floppies 
* 640K RAM, 512K ROM 
* Boecklit LCD Screen 

* 954 MHz CMOS V-30 


No. NIMSB 


$1599 


COMPAQ 


Portable 386 Model 40 
* 80386 Processor 

*« 1 Megabyte HAM 

a 40 MB Fixed Drive 

* 1.3 MB Diskette Drive 


3619€ 


No CO114 


GA 
640 x 350 Resolution 
16 Color/64 Palette 
256K of Video Memory 


$149 


u BOEGA 


SENG LABS 


VA/480 
640 x 480 Resolution 
CGA, MDA and Hercules Compat 


$229 


Parallel Port Standard 


p TLARO 


ITEL 


bove Board/286 
512K Expandable ip 2 MB 
Conventonal, Expanded & Extended 


Wree $949 


AT&XT to 12.5MHz 
>. IN4020 


MICRO CHANNEL LINE 
50-860 MULTIFUNCTION BOARD 


P— gu gd n ES Pm hee 


fis nere 
ZUCKERBS ARD 


UCKERBOARD PS/2 


0/60 Multifunction Board 
512K to 2 MB Memory 

Parallel and Serial Ports 

EMS and Diagnostic Software 


$289 


| HX15 


BOCA 

BocaRam AT 
a 16 Bil, Runs to 16 MHz 
* | MB - 4 MB Memary 
* Expanded, Extended, LIM 


$299 


No. BOAT10 


EVEREX 


Autoswitch Enhancer 


» Autoswitch EGA 


* 132 Column Operation 


ei 


* Parallel Printer Port 


No. EV857 


INTEL 


In Board/386/PC 


« Converts PC to 16MHz 


e 80388 Microprocessor 


* 1MB On Board Memory 


No. IN1B1200 


— 


IDEA 5251 


$799 


Terminal Emulation 
* Local Twinax Communication 
* IBM 34/36/38 Compatible 
* Printer Support, Hoi Key 


No. 1E5251 


$579 


VIDEO SEVEN 
VEGA Deluxe 


+ 752 x 410 Display 
* EGA, CGA, MGA, HGC 
+ 258K-DRAM Screen Bulter 


= — x = = = | 
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No. VSEGAD 


EVEREX 
RAM 3000 Deluxe 


* OK-3MB Memory 
* EMS, Extended, BASE far AT 
* Utilty Software 


No. EV 159 


INTEL Math Co-Processors 


No. IN$087 PC $129 
No. INB0287-BAT 3299 
No. IN80287-10AT $319 
No. INB0387 $539 


OCA 


IRMA Board 2.2 


» Native Mods Coaxial Link 
» (BM 3270 Controller Compatible 


+ SNA/SDLC or BSC 
$799 


No. IAMA? 


$9999 


VIDEO SEVEN 


VEGA V*GeA 

« BOO x BOO Resolution 

s 256 Simultaneous Colors 

* Supports Both Analog & Digilal 


$329 


No. ¥SVGA 


QUADRAM 
XT386 Board 


« PC Upgrade to BO38B Processor 
+ 1 MB o! Onboard Memory 
* Quadmaster Software Included 


$799 


No, OU3861 


HERCULES 
Graphics Card Plus 


* 720 x 348 Gil Mapped Graphics 
* RAM Font Software Included 


* Paralia bios 


No. HEGCP 


FIFTH GENERATION 


The Logical Connection 
» 4 Serial, 2 Parallel in, 2 Parallel out 
+ Daisy-chainable up ta 335 devices 


No. ICFIO2 256K 3289 
No.ICFI03 512K $369 


WE SHIP 90% OF ALL ORDERS WITHIN 24 HOURS 


d Te - DA Tw — T 

EPSON LX-800 EPSON EX-800 EPSON EX-1000 

* 150 cps Draf/30 cps NLO « 9 Pin Dot Matrix e 9 Pin Dot Matrix 

« 9 Pin Dot Matrix, 80 Column * 300 CPS Drafv/50 CPS NLO « 300 CPS Draft/50 CPS NLO 

a Built-in Tractor Feed « BO Column, 8K Buffer « 132 Column, 8K Buffer 

No EPLX800 $ 1 47 9 No EPEXROO $42 9 No. EPEX1000 $489 


n — 4 


EPSON FX-286E EPSON LQ-500 EPSON LQ-850 


* 240 cos Drat/40 cps NLO e 24 Pin Oct Matrix * 330 cps OralU/80 cps NLO 

. 132 Column, 8K Butter e 180 CPS Dratt/G0 CPS NLO e 24 Pin Print Head 

e Friction/Tractor Fead " BK Imput Buffer « Paraliel/Serial with 6K Buffer 

No. EPFX286E $ 4 rí 9 No. EPLQ500 $ 3 3 9 No. EPLQ850 $ 5 2 g 
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DICONIX INKJET 150P SHARP FO-210 Facsimile CANON PC-25 Personal Copier 
s AC/DC Powered Portable e Hail-tone Transmission * B copies par minute 
+ Centronics Parallel 8 Bit * Automatic Contrast Adjustment * Wait time 20 seconds 


X rin Drafi/5o cps NLO $3 1 9 Mein for 87 its $ 1 499 oe up to 356x216 mm $8 9 9 


i — — T 
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OKIDATA ML-193 Plus OKIDATA ML-293 OKIDATA ML-393 Plus 
+ 200 CPS Draft, 40 CPS NLO * Dual 9 Pin Dot-Matrix e 450 cos Drait/180 cps NLO 
* BK Print Butter e 240 cos Draft/10O0 cos NLO = 24 Wire Dot Matrix 


* 9 Wire, 132 Column * 138 column, 8K Buffer * Personality Module Concept 
No. OK193l $469 No. QK293 $539 No. (QK393 $98 g 


BROTHER HR-40 Daisywheel 
* 40 CPS, 136 Columns 

a 2 Color Printing 

* Friction and Forms Tractor 


» 180 CPS Dratl/aS CPS NLO 
* Aulo Paper Loading 
a Friction and Pin Feed 


NEC P760 Pinwriter 
* 24-Wire Print Head 

* 216 cps Drafv/65 cps NLQ 

* 136 Column Carriage 


* 24-Wire Dot Matrix 
a 170 eps Draft/55 cps NLO 
a 360x360 Dots per inch 


STAR MICRONICS NX-1000 
* 144 cps Draft/as cps NLO 
s 4K Buffer, 80 cotumn, Auto feed 
» Friction and Tractor Feed 


PANASONIC KX-P 1091-1 
* 194 CPS Do! Matrix 

a O-Pin Print Head 

* [BM Pro Printer Emulation 


TOSHIBA P351-SX 

= 24 Wire Print Head 

« 360 cps Draft/120 cps NLO 
« 136 column, Parallel/Serial 


TOSHIBA P321SL 


« 24 Wire Print Head 


« Character font cartridges 


BROTHER HR-60 Daisywheel 
+ 60 CPS, 136 Columns 
. Diablo 635 compatible 


* Standard Parallel Interface 
No. BRHREO $739 


C.ITOH 315XP 
* 300 eps Dratv50 cos NLO 
* 15" Carriage Width 


* IBM/Epson compatible 
No. TE315XP $559 
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STAR MICRONICS NX-15 
* 120 CPS Drait. /50 CPS NLO 
s 5K Buter, 132 Column 


egma ^ $319 


CITIZEN Premier 35 
* 35 cps Daisywheel 
a Built-in clock/calendar display 


"cmq m. “ary 


MAGANAVOX 
Monochrome Monitor 
» 12" Amber or Green Display 


s Dark Glass CAT 
No. NAP613 Green 


RGB/Composite 
+ 13" Dark Bulb Screen 
* 600 x 240 Pixel Resolution 
« Green Text Display Swilch 


Enhanced Display 
* Up to 690 x 350 Resolution 
* 64 Colors in EGA Mode 

* Text Display Function 


No. MAP523 Amber 


Monochrome/432 

e PS/2 MCGA & VGA Compatible 
* 640 x 480 Pixel Resolution 

« 31.48 KHz Scan Frequency 


Video 410 Series 


* 12" TTL Amber, Graan, White * 13" In-Line etched scraan 


» Flat non-giare screen 


* 720 x 350 Display 


No. AM410A, G. or W 


ZMM-149 VGA 

* IBM VGA Monochrome 

* 14" High Resolutran 

¢ 31.48 KHz Scan Frequency 


s. 12" AnalogTTL .28mm Dot Pitch 
* 800 x 600 Resolution 
» [BM PS/2 A Mac II Compatible 


a 720 x 350 Disptay 


No. 7VA149 Ambar 
No ZVW149 White 


Model 4375M 


a f4" Super High Contrasl 


Model 4120 

* 14" HGH/Comp/Analog 

+ 560 x 240 Pixel Resolutian 
* .51 Dot Pitch, 12 MHz 


Multisync ll 


* BOO x 560 Display 


¢ 30 MHz, 800 x 560 Resolution ¢ 6 Texi Switchable 


MAGNAVOX 


Multimode Display 
« Digital and Analog 

* 926 x 580 display 

a 15 KHz to 34KHz 


No NAPBR73 $489 


Monitor/7 32 

« Palette of 256,000 colors 

a t2" Etched Glass, Non-Glare 
* 640 x 480 MCGA Compatible 
No, AMC732 $499 


ZENITH 
ZCM-1490 VGA 
a 14" Analog/TTL, .31 Cal Pitch 


* 64 Available Colors 
» 25 MHz, 640 x 480 Resolution 


No 2€01490 35749 


NEC 

Multisync Plus 
*« 15" Flaltened CRT 

* 960 x 720 Resolution 
* 3-Way Text Switch 


No NEC1501 $999 


MOUNTAIN 


Drivecard 

* 20 Mag, No MB20 $469 
* 30 Meg, No. MB:3O $5519 
a 50 Mag. No MBSO $699 


SEAGATE 


Hard Dirves 
s 20MB t Ht No ST-225 $249 
© 30MB% HINO ST-239 $399 


* 40MB s HI No. ST-251 


HAYES 


Smartmodem 1200 
» 300/1200 Baud External 

» Automatic Speed Selection 

s Voice/Dara Transmissions 


32 79 


Ho. HY 1200 


ZUCKERBOARD 


The Nude Modem 
* 1200 Baud Half Card 
* Fully Hayes Compatible 


* PC Talk {il Software 
$7999 


No Hx12 


MOUNTAIN 
Dual 20 Bernoulli 


* Bernoulli Technology 
* Dual 20 MB Cartridges 
+ Requires PC2 Controller 


No. MBB4174 


EVEREX 


$1799 


Excel-Stream 60-8 


* 60 MB Cassette Back- 


up 


* Backs up 5 MB per minute 


+ Built-in Formalter 


Nc. EVBGOE 


HAYES 


"TaS 


Smartmodem 2400 
a 300/1200/2400 Baud External! 


* Non-Volatile Memory 
* Stored Number Dial 


No. HY 2400 


ANCHOR 


1200E 

* 300/1200 BPS, ANAD 
+ 100% Hayes Compatible 
-* 5 Year Limited Warranty 


No. ANA 1200€ 


3429 


$129 


PC-TOO 


Datasave 4000 


e 40 MB Formalted capacity 
e 3%" Pocket Size Cartridges 
* Uses existing floppy controller 


$479 


No MBPC1206 


IRWIN 


10 MB Tape Drive 
* 10 MB Formatted Capacity 
+ 8 Minute Back-up Time 


* Half-height Internal 


No. IW110D 


NOVATION 
Parrott 1200 


$219 


s Compact 300/1200 BPS 
* "AT" (Hayes) Command Compatible 
* No Batteries or AC Required 


No. NV7?0O 


i || 
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EVEREX 


Evercom 920 
* 300/1200 Baud Hail-Siza 
a Bell 03/2124 Compatible 
* Aulo AnswerfAuto Dial 


No. EV920 


$9999 


$38 993 


POLAROID 
Pallette Plus 


* Computer Image Recordar 
a 35mm and 3x4 Film Unil 
* 8B Pallette Soltware inciuded 


$2399 


No POO1P 


CMS 
Drive Plus 21 

* 21 MB Expansion Card 
* 3%" Rigid Disks 

s 5 MBisec Transfer Rate 


$319 


No. CH20DP 


U.S. ROBOTICS 
Direct 2400 PC 
# 300/1200/2400 Baud Internal 
+ Carriar detect override 

+ Audio phone line monitor 


$179 


No UR?400 


EVEREX 


Evercom 945 
* 300/1200/2400 Baud External 
* "AT" (Hayes) Command Compatible 


® Status Indicator LED's 


$239 


No EVS24F 


Rast HT PLUS 


LOTUS 1-2-3 d-Base TP 


No. ICLOO1 $ 29 9 No. ICAHO3 


Word Perfect Symphony 


Ne 10880" $209 nico $439 


-— | red | D ] h 
Fast Back Plus a IMSI Optimouse 
eggos WPaintbrush $119 wDr Hao — $ggos 


No. ICFIO4 


Micropro Multimate Logitech Mouse 


WGL, No. ICMPO3 


Professional 4.0 $939 Advantage II $299 System V $449 .... $7999 


No. ICMMO2 


fessional 
re | 


PFS: Professional | Crosstalk XVI | Xerox Norton Utilities 


$9999 woe 9499 oo $5499 
CMO POLICIES 


No. ICMFO1 


Next Day Shipping on all in-stock items, 
No Surcharge on Visa or Mastercard orders. 


Credit Cards are NOT Charged until order is shipped. 
Add 3% (minimum $7.00) shipping/handling on all orders. 
All items subject to availability and price change. 


SONY 3%" & 5%" Diskettes Returned items may be subject to a restocking fee. MAXELL Double & HI Density 
* 96" DOG 10 PÁ No. SOVPDE VIGUEUR PA residents add 6% Sales Tax. dore a e NS uU 


s. Sia" DADD 10 Pk No SCMD2 $7.99 a 5% Hi Dens, 10 Pk No. MXD2HD $18.99 


SOFTWARE REVIEW 


Trilogy: A New Approach 
to Logic Programming 


Trilogy version 1,15 ($99.95) 
from Complete Logic Systems 
(CLS) is a new logic program- 
ming language that combines 
the best features of logic, proce- 
dural, and database program- 
ming. Trilogy is an example of 
ihe current trend in logic programming 
languages, which centers on the introduc- 
tion of types (domains), constraints, 1/0 
annotations, arrays, and reassignable 
variables. (For a discussion of this trend, 
see the Prolog-related articles in the Au- 
gust 1987 BY TE.) 

As a logic programming language, 
Trilogy most resembles Prolog. Both lan- 
guages are based in mathematical logic, 
support lists, and are capable of manipu- 
lating symbolic variables. Running pro- 
grams in either language consists of ask- 
ing questions (called executing a query). 
The programming language can use back- 
tracking to find alternative ways to satisfy a 
query. Trilogy improves upon the blind 
backtracking approach of Prolog, however, 
by incorporating constraint logic. 

Program source code reads a lot more 
like Pascal than Prolog; Trilogy supports 
arrays, enumerated types, and subrange 
declarations, and provides 1f.,.then 
...€18e and case control structures, 
You can express and compile procedures 
straightforwardly into nonbacktracking 
modules. While Trilogy provides no ex- 
plicit control structures for iteration or 
looping, if conserves stack and heap 
space by performing tail recursion opti- 
mization (a lechnique for saving space 
and time in recursive programs) on non- 
backtracking modules (procedures and 
subroutines). 

Finally, Trilogy provides a set of rela- 
“ional database operations for creating, 
updating, and querying database files. 
Database files may have variable record 
sizes, and you can place these records 
anywhere within a file or insert them in 
order. You can store anything (e.g., a 
list, a tree, or an array) as a field. You can 
insert, delete, and update records 
anywhere in a file. The database predi- 


Alex Lane 


An allernative to 


Prolog, with windows and other 


interesting twists 


cates work with both Trilogy database 
files and ASCII DOS files. 

The package requires an IBM PC, XT, 
AT or compatible with 512K bytes of 
RAM running DOS 2.0 or higher. You 
can run Trilogy from dual floppy disk 
drives, but a hard disk drive is highly rec- 
ommended. I used a 4.77-MHz IBM PC 
XT with 640K bytes of RAM, a hard disk 
drive, and an 8087 coprocessor, The op- 
erating system ! used was PC-DOS 3.1. 

The Trilagy package consists of a spi- 
ral-bound user's manual and two 5'4- 
inch floppy disks that contain an installa- 
tion program, the Trilogy compiler, 
source and object files for system mod- 
ules, a number of sample programs, and 
a supplemental documentation file. 


Language Features 

Trilogy is a fairly compact language, hav- 
ing only 22 reserved words and 12 re- 
served names. The standard system mod- 
ules math.l, files.l, strings.l, and 
windows.1 add support for, respectively, 
mathematical functions, file-access func- 
tions, functions for manipulating strings, 
dates and times, and windowing func- 
tions. Unlike Pascal or C, Trilogy is case- 
sensitive. In a reversal of the Prolog nam- 
ing convention, Trilogy variables and 
symbols start with lowercase letters, 
while the names of procedures start with 
uppercase letters. 

Trilogy is a strongly typed language. 
Its four fandamental types are long (32- 
bit) and short (16-bit) integers; real num- 
bers; and strings deuoted by L, I, R, and 
S, respectively. Typed variables buy you 
faster execution and source code that's 
easier to read. However, the greatest ben- 
efit of using typed variables lies with Tril- 
ogy's ability to use decision procedures 
that modify consirainis associated with 


the variables. Constraints are 
pieces of information that Tril- 
ogy places in the environment 
as it computes a solution. 

The programming language 
associates different constraints 
with different data types. For 
example, the constraint conditions put on 
a short integer variuble x are 


xopn 
xopvartn 


where op is a relational operator (i.&., =, 
<, and >), n is a short integer, and var isa 
short integer variable. Whenever Trilogy 
encounters an expression with short inte- 
gers and a relational operator, it attempts 
to transform the expression into one of the 
short integer constraints by using alge- 
braic rules. If Trilogy cannot get the ex- 
pression into one of these forms, it will 
backtrack in an attempt to calculate a 
value for one of the variables, and if this 
fails, it will flag the error with à message 
such as too many backtracks. 

Consider the query all x::I & y::I k 
X»0&y»0&x = 3xy +9, Translated, this 
says: "Find all values of x and y when 
both are short integers, both are greater 
than zero, and x = Jay +9." This query 
wil! fail because the system cannot trans- 
form the expression x = 3xy + 9 into one 
of the constraint forms for short integers; 
nor ean Trilogy find a finite number of 
values for either x or y. If, however, we 
add the condition that y — 2, then the 
query has a solution. 

Constraints for long integers are more 
complex than those for short integers; 


tlavl + t2xv2 T... + tn«vnopm 


contimueed 


Alex Lane is a knowledge engineer for 
Technology Applications Inc. and moder- 
ator of rhe prolog conference on BIX. He 
can be reuched at 6621 Southpaint Dr. 
N, Suite 310, Jacksonville, FL 32216, or 
on BIX as "a.lane. " 
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Tritogy 1.15 


pe 
Programming language 


Company 

Complete Logic Systems Inc 
741 Bluendge Ave, 

Norih Vancouver, BC 
Canada V7R 245 

(604) 986-3234 


Format 
Two 5'4-inch floppy disks 


Language 
C and assembly 


Hardware Required 

IBM PC, XT, AT, or compatible with 
512K bytes of memory and a hard disk 
drive (recommended) 


Software raquired 
DOS 2.0 or higher 


Documentation 
229-page user's manual 


Prica 
$99 95 


Inquiry 898. 


where t1, t2, ..., tn and mare long inte- 
ger values and v1, v2, ..., vn are long 
integer variables. If, in the previous ex- 
ample, you declare x and y to be loag in- 
‘egers, you don't have to put a value on y 
for the query to succeed because the ex- 
pression x = 3«y +9 fits the constraint 
decision procedures for long integers. 

You can use Trilogy's pairing operator 
on the four basic types (I, L, R, and S) to 
construct other data structures. A pair 
consists simply of any two terms separat- 
ed by a comma, optionally set off with 
parentheses for clarity. You can create a 
list data structure by pairing the basic 
types with the symbol N11. 

Trilogy also lets you declare your own 
types, inclading enumerated types and 
unions (similar to Pascal case-variant 
types). The user's manual uses the con- 
vention of appending t to all user-defined 
types. Type declarations can be Pascal- 
like subranges, like Digit t = [0..9], 
or tuples like 


Date t = (year:I, month: [1..12], 
day:(1,31]) 


where you can select the 1ndividual [elds 
year, month, and day by, for example, 
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declaring a variable anniversary to be 
af type Date_t and using the terms an- 
niversary.year, anniversary.month, 
and anniversary. day. 

Advocates of typeless programming 
need not feel left out of Trilogy. Every 
data type in what is called the Trilogy 
universe belongs to a universal data type 
(denoted by U). Using the U data type in 
predicates (denoted as pred) lets you 
write predicates that take terms of any 
type as parameters. Having a universal 
type also makes possible conversions 
from one data type to another via coer- 
cion (which is an automatically occurring 
mechanism) and casts (which the pro- 
grammer specifies). 


Predicate Classes 

Trilogy provides three classes of predi- 
cales: true predicates, procedures, and 
subroutines. Like predicates in Prolog, a 
true predicate in Trilogy expresses a 
quality, property, or relationship pos- 
sessed by a term or a group of terms. In 
Trilogy, only true predicates exhibit 
backtracking (i.&., nondeterministic) be- 
havior, The system doesn't perform tail 
recursion optimization for pred because 
of the uncertainty involved in satisfying 
constraints. Unlike Prolog, there are no 
extralogical operations (1.6., predicates 
that lie outside the logic programming 
model). Some examples of extralogical 
predicates are predicates for user I/O, for 
interaction with the operating system, 
and for program manipulation such as the 
cul, assert, and retract predicates. 

While backtracking is a powerful re- 
source in logic programming, it becomes 
a handicap when executing once-through 
procedural code. To permit efficient pro- 
cedural programming, Trilogy provides 
the procedure (proc) predicate. Because 
there can be no possibility of backtrack- 
ing inside a procedure, the manual speci- 
fies several rules for coding a procedure. 
For example, you can't use a logical or, 
symbolic parameters, or symbolic local 
variables in the procedure body, and the 
procedure cannot call any true predicates 
without using the all construct. 

Like true predicates in Trilogy, proc 
predicates can fail. Prolog veterans will 
recognize this behavior as that of “deter- 
ministic predicates.” You can view a pro- 
cedure, whose last parameter is an output 
mode parameter, as a function, and you 
can (using functional notation) use it as a 
term in an expression. 

The third and most important class of 
Trilogy predicate is the subroutine 
(subr). Subroutines are special proce- 
cures that access data external to the Tril- 
ogy environment (e.g., system time and 
user input). It is this access that distin- 
guishes aubr predicates from proc predi- 


cates in Trilogy. Were it not for this dis- 
tinction, Trilogy would fail to maintain its 
logical integrity. Since the behavior of 
subroutines is unpredictable, you cannot 
cail them from either proc or pred predi- 
cates, but only from other subr predi- 
cates or directly from a query. 


Variable Modes 

Unlike traditional Pascal-like program- 
ming languages, where only a variable's 
type is declared up front, variables in 
Trilogy are declared in terms of both type 
and mode. The mode tells the Trilogy 
compiler what, if anything, is known 
about a variable's value upon entry to a 
predicate. Trilogy has four variable 
modes: symbolic, input, output, and I/O. 

Symbolic mode (denoted by :: in the 
variable declaration) is used exclusively 
in predicates, where little or nothing is 
known about the value of a variable 
passed as a parameter to a nondeterminis- 
tic predicate. You use input and output 
modes in proc and subr predicates to de- 
note whether to expect a value upon entry 
to or exit from such predicates. 

For example, the expression x:«L de- 
clares x to be a long integer whose value 
the system will know upon entry to à 
predicate. Analogously, the expression 
x:>L says that you will know x upon suc- 
cessful exit from a predicate. 

The major difference between sym- 
bolic-, input-, output-, and [/O-mode 
varjables is that you cannot reassign the 
first three types. You can, on the other 
hand, reassign [/O variables, which con- 
serves memory use. 


Trilogy's Windows 

Trilogy provides a window-oriented in- 
wrface that lets you edit, compile, and 
run programs and build, query, and up- 
date databases. Available functions are 
listed at the top of the screen: Options, 
Query, Modules, Files, Library, and 
DOS. Contexi-sensitive help is available 
for both general information and errors 
encountered when running programs. 

From the Options menu you can 
choose your screen colors and activate or 
deactivate the error-bell tone. You can 
also enahle or disable the generation of 
.MOD files when compiling queries and 
determine whether these .MOD files will 
generate code that makes direct calls to 
the 8087 or only emulate it. In addition, 
you can choose to back up or restore li- 
braries, or call the editor to edit a non- 
Trilogy file. 

As with Prolog, a prior familiarity 
with the code you're going to run i5 nec- 
essary. You run programs by entering a 
query using the name of a predicate state- 
ment like ZebraAnsw(a, b) into a one- 
line query window near the top of the 
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screen and pressing the F2 key to compile 
ihe query, If the compiler detects an 
error, the machine beeps and places the 
cursor at the spot where the compiler de- 
tected the error. Here, pressing Fl ac- | 
cesses a context-sensitive help window — | 
that attempts to explain the problem. 


Table I: Trilogy and Turbo Prolog are fairly evenly maiched in their abili | 
to manipulate lists, perform recursion, and read and write files, except for | 
Trilogy 's problem with running out of stack or heap. The Zebra Puzzle 

shows haw use of constraints gives Trilogy a decided advantage in solving | 
logic problems. The 8087 emulation in the Floating Point test is essentially 

the same far both productis: however, Turbo Prolog autperforms Trilogy in the 
8087 emulation of the Transcendental tests. Trilogy provides 8087 support, 
whereas Turbo Prolag does not. All times are in seconds, 


In general. I found Trilogy's help 
screens to be an invaluable aid in learning 
ihe language. Sometimes, however, the 
displayed message made no apparent 
sense. For example, when | executed the 


Trilogy 1.15 Turbo Prolog 1.1 


mislaken query Floating Point 32.19 (3 68)" 4n g3 
Sieve O11 2 B9 
Disk Whte (84K) 16.98 29 73 
aeger ar Dic Read (64k) ir 15 as 
E Transcendental 
Sarl 142 (0 7}! 519 
the system gave me an error message that Logs 87 (1 O} 13 5g 
a right parenthesis was missing. Exp 166 (1 3)" 24 24 
Trilogy comes complete with a libra- Atan 388 (1 5)! 15 46 
rian that keeps track of what modules rely Sin 156 (2 0}! 16 18 
upon which others. You can add, modify. Factorial 2 25 2! 86 
or delete modules from the library. List Reversal 1192 1127 
The editor included with Trilogy is | [owS" of Hanon " - 
modeled after the [BM PE editor. To use > i 142 10 87 | 
the editor, I had to Jearn an entirely new 10 oe _3 a7 71 
set of editing commands. T would like to Fabra Puzsie 219 g 45 


see the next release otfer the option of 
using your own programming editor with 
Trilogy. 

By selecting the DOS function from 
the top of the screen, you exit from the 
Trilogy environment. This version of 
Trilogy does not provide a means of get- 
ting a directory from inside Trilogy, 


Documentation 

Because Trilogy is a new language, the 
quality of the documentation is very im- 
portant. The 229-page manual is divided 
into three sections: a tutorial, a system 
manual, and a programmer's manual. 
The tutorial provides a step-by-step intro- 
duction to the Trilogy programming lan- 
guage. It assumes you have some experi- 
ence with programming languages like 
BASIC or Pascal, but you don’t need to 
have background in logic or database 
programming. 

The system manual deseribes the Tril- 
ogy system and cnvironment, including 
use of the windows, function keys, and 
editor. The bulk of this part explains how 
to edit, compile, and query. 

The programmer's manual resembles 
a callection of appendixes that cover the 
formal language definition. Short supple- 
mental chapters are devoted to topics such 
as mode coercion, type conversion, and 
constraints. 

All the examples presented in the man- 
ual are included in two source code files. 
| like this touch, since it saves much time 
getting acquainted with the language. Of 
the other sample programs included with 
the package, including a pattern matcher 
for ASCII files and several examples in a 


! Time using the 8087 coprocessor chip 


2 Time for reading a 32K-byte file was 9 2 seconds 


3 insufficient stack/neap 


Note: Tests were conducted on an IBM PC XT wilh 640K bytes of memory an BOB? 
coprocessor and a 20-megabyte hard disk drive 
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demonstration program, the file that in- 
terested me most was the so-called “ze- 
bra puzzle." This classic logic problem 
involves five men of different national- 
ities that own different pets, drink differ- 
ent drinks, smoke different brands of cig- 
arettes, and live in different-colored 
houses. The goal is to find out "who 
owns the zebra." I used this program as 
one of the benchmark tests. 

A supplemental READ.ME file on the 
distribution disk gives a terse description 
of the assembly and C language inter- 
faces. The file LINKMOD.EXE is a utility 
that links .08J files generated by assem- 
blers and C compilers into .MOD object 
files that Trilogy can use. The LINKMOD 
utility does not work as described. In- 
stead of the command line LINKMOD MOD- 
NAME OBJFILE, | found | had t type 
LINKMOD MODNAME and then wait for the 
prompt to enter the object filename. 

The supplemental file also covers 
other topics, such as a discussion of tail 
recursion optimization, heap manage- 
ment, and some partially implemented 
Trilogy features. à 


Benchmarks 
Because Trilogy and Prolog appear to be 
“competitors” in the logic programming 


arena, [ compared Trilogy to Turbo Pro- 
log version 1.1] (see table 1}, Of interest is 
the ability to manipulate lists, perform re- 
cursion and garbage collection (reclama- 
tion of memory that has been allocated to 
now-abandoned structures). and soive 
logic problems. Here, Turho Prolog and 
Trilogy run approximately even, except 
for the solution of logic problems, where 
Trilogy has a decided advantage that is at- 
tributable to injection types and relation 
vuriables. 

Although neither package performs 
garbage collection, Turbo Prolog appears 
to perform better because it considers 
free memory to be one large heap. Tril- 
ogy, un the other hand, has a disadvan- 
tage in that modules must confine their 
activities 10 a 64K-byte segment. This 
problem affected perfonnanee in the Tower 
of Hanoi and Disk Read benchmarks. 

Trilogy ran the Sieve benchmark test, 
which finds all primes between | and 
LOO, about 20 times faster than Turbo 
Prolog. The Floating Point test repeats a 
series of four basic operations 5000 
times, and for this test. Trilogy and 
Turbo Prolag are about the same with 
8087 emulation. The transcendental tests 
calculate the function in question 1000 
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nd that’s the way Sea- 
Land wants it. And a host 
of other big and not-so- bl 
big software developers who it | 
use our Software Sentinel. To 
make sure their successful software is pro- 
tected. So it stays successful. 

We've become used to being seen with 
top-notch software. À lot of the reason is 
how our engineers designed the Software 
Sentinel family. For the developer and the 
user. To make it the most technologically 
foolproof yet easiest to use software protec- 
tion key you or Sea-Land can get. 

For users of SEA-TRAC and the thousands 
of other programs we're protecting, it's a 
cinch to get up and running. They simply 
plug the Software Sentinel into the PC's par- 
allel printer port. That's it. How much easier 
can it get? Users can even make unlimited 
backup copies. And run them wherever and 
whenever they need to- as long as they 
have the Software Sentinel key. 


( JJ RAINBOW TECHNOLOGIES 


18011-A Mitchell South, Irvine, CA 92714 + (714) 261-0228 » TELEX: 386078 - 


Ás long as we're talking 
"T$ success, there's something 
! else you should know. Right 
now, our engineers are putting the finishing 
touches on a new microprocessor that we'll 
use in a whole new generation of software 
and data protection products. With the same 
high-performance and high-reliahility of our 
past successes but with many new features. 
Which no doubt is going to make life even 
easier for you and Bees Lana. 

The Software Sentinel. Making sure soft- 
ware developers stay successful with the 
successful software they've developed. 

For more information on the Software Sen- 
tinel family, contact Rainbow Technologies, 
18011-A Mitchell South, Irvine, California 
92714; or call (714) 261-0228. 


Software Sentinel Features: 
. Runs under DOS and Xenix 
^ Uses algorithm technique, never a fixed response 
* Minimal implementation 
* Higher level language interfaces included 
* Jransparent operation 


. FAX: (714) 261-0260 


C198T Rainbow Tiohiielazien, Inc Software Santinol is a trademark of Rainbow Technologies, Inc. 
SEA-TRAC is a tencdemark of Sen-Land Carporation. 
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times, while the factorial benchmark de- 
termines how fast 10 factorial (10!) can 
he calculated 1000 times. Benchmarks 
that exercise a logic programming lan- 
guage's capabilities for finding prime 
numbers and calculating transcendental 
functions are of limited interest. It is clear 
from the results for Trilogy that you can 
obtain dramatic improvements by install- 
ing an 8087. 

As far as disk I/O is concerned, al- 
though Trilogy could write a 64K-byte 
data file, [ got an insufficient stack 
error message when trying to read this 
file. Because the stack and heap share the 
same 64K-byte segment, recursively 
reading a $AK-byte file blew the segment. 
I modified the test program to write and 
read a 32K-byte file, and this worked 
fine. (While writing the initial version of 
the Disk Read test, I neglected to put in a 
check for end-of-file. Instead of giving a 
run-time error and halting execution, the 
machine froze and required a cold boot.) 

The stack/heap problem reared its ugly 
head again when I was writing the pro- 
gram for reversing a 50-element list. The 
system blew the segment again after !1 it- 
erations, regardless of how much free 
memory was available prior to loading 
the Trilogy compiler. However, I was 
able to write a predicate that would as- 
semble a 50-element list and perform the 
reversal 10 times. In turn, I wrote the 
query to run this predicate to backtrack 
three times, so that 30 reversals were per- 
formed overall. Despite the additional 
overhead of having to assemble a 50-ele- 
ment list from a IO-element “building- 
block" three times (Trilogy balks if a 50- 
element list is presented in one chunk), 
Trilogy is nearly as fast as Turbo Prolog. 

The Tower of Hanoi is a classic exam- 
ple of recursive programming. At the 
five-ring level, both Trilogy and Turbo 
Prolog are about neck and neck. How- 
ever, at the seven-ring level, Trilogy be- 
gins to lag seriously. One explanation is 
that Trilogy spends much time churning 
out text to the screen, This is borne out by 
removing the Print() statement from 
the code—the performance increase is 
dramatic. [ ran across the stack/heap 
problem trying to run the Tower of Hanoi 
benchmark with 10 disks. 

Recalling the Zebra Puzzle from the 
previous discussion, it turns out there are 
nearly 25 billion ways of combining na- 
tionality, pet, drink, smoke, and house. 
A generic Prolog program will, if neces- 
sary, test all combinations of them to find 
an answer. Inherent in Prolog's back- 
tracking mechanism is the "uninstantia- 
tion" of previously bound variables 
whenever it encounters a failure. In ef- 
fect, Prolog “forgets” auything it learns 

continued 
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"During the next 10 vears, millions of programmers 
and users will utilize OS/2 ... The best way for them to 
understand the overall philosophy of the system will he 
fe read this book. Bill Gates 


INSIDE OS/2. Here — from Microsoft's Chief 


Architect of Systems Software — isacandid and ex- 
citing technical examination of OS/2. In unprecc- 
dented detail, Gordon Letwin explores the 
philosophy. key development issues. programming 
implications, and future of OS/2. And he provides 
the first in-depth look at each of OS/2's design ele- 
ments — how they work alone and their roles in the 
system, INSIDE OS/2 is a valuable proprammer-to- 
programmer discussion of the graphical user inter- 
face, multitasking, protection, encapsulation, inter- 
process communication, and more. You can't get a 


more inside view, $19.95, 


Microsoft Press 


Quality Computer Books 


Availuble wherever books and software are sold. 


Or call in your credit card order. 300-638-30M) {fn MD 824-7300). Refer to ad BM38. 
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The most powerful database for a personal computer. 


is a multi-user relational database for Macintosh ` that provides more power 
than any other database for a personal computer. 


Records Up to 76 milan Multi-user Fully compatible with AppleShare'" and other HFS fileservers 

Files 99 at a time Import/Export Data SYLK, DIF, and text with serial port and file communication contro! 
Fields 511 pd file MultiFinder™ Fully supports background processing under MulliFinder"" 

Links Unlimited Search/Sort Multiple conditions. ad hoc} queries, wildcard. programmable searches 
Subliles 511 per tile Quick Reports Instant report generation 

Sublields 511 per subfile Business Graphics 8 kinds of graphs (pie, bar, cfi erc. plus custom pictures) 
Layouts Up to 32,000 Programming Over 200 built-in commands and operators 

Passwords 32.000 levels External Routines Add external routines writtemin Pascal. C, and other languages 
Variables Up to 32.000 Customization Custom menus, check boxes, radio buttons, and dialog boxes 


© TO receive a demo version call (800) 538-8157 x 840 outside California, (800) 672 - 3470 x 840 inside California. 
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every time it backtracks. Progress toward 
finding a solution occurs in one quantum 
leap when all variables happen to satisfy 
all the declared facts. On the other hand, 
Trilogy uses relation variables and injec- 
tion types in conjunction with its built-in 
constraints to carry forward increments 
of the final solution. Relation variables 
express some relation that exists between 
objects, and injection types never have 
the same value for different sets of argu- 
ments. The result of this approach is that 
the Trilogy program to solve the Zebra 
Puzzle backtracks only 17 times before 
obtaining a solution. [Editor's note: The 
Trilogy source code (BMARKS.L) for the 
benchmarks is available on BIX, on BY- 
TEnet, on disk, and in the Quarterly List- 
ings Supplement. See "Program List- 
ings " in the table of contents. To "find" 
source code in the Listings areas on BIX 
and BYTEnet, search by article title, au- 
thor, or issue date. | 


Worth Taking a Look 

As an experienced Prolog programmer, I 
have found one of the practical problems 
of writing procedural code in that lan- 
guage is the awkward mind-set that must 
be adopted to tame the language's tenden- 
cy to backtrack. Trilogy addresses this by 
offering programmers the flexibility to 
write both logic and procedural code. 

I am generally impressed with this 
package, although minor things about it 
bother me. For example, I wish I could 
exit to DOS to view a directory or file 
without having to exit Trilogy com- 
pletely. (According to the company, a 
toolkit containing a graphics module and 
a DOS module along with utilities will be 
available for $50.} I would like more de- 
tail in the user's manual concerning the 
nuts and bolts of the language. 

In terms of hands-on use, the editor 
was not the best l've used. Also, having 
to learn a new set of editing commands 
was inconvenient. (Of course, those peo- 
ple familiar with the IBM PE editor will 
not have this problem.) When running a 
query, it shouldn't be so easy to run out 
of stack or heap—and it would be nice to 
have a subroutine that could report on the 
status of those resources, too. 

Trilogy is a unique product. It's the 
only product I bave scen that combines 
logic programming with procedural and 
database concepts. The Pascal-like syn- 
tax makes it easier for people familiar 
with Pascal and C to learn Trilogy than 
Prolog. The stack/heap problem shows 
that the product perhaps isn't mature, yet 
new languages often have a few initial 
kinks. I cannot see Trilogy taking the 
microcomputer world by storm, but for 
$99.95, it's worth taking a look at if you 
arc interested in logic programming. 8 
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Resource . 


MS-DOS — the starting place for the development 
of over 20,000 software applications. THE MS- 
DOS ENCYCLOPEDIA —the starting place for 
data, advice, and insight that will make your MS- 
DOS programs reliable, robust, and efficient. THE 
MS-DOS ENCYCLOPEDIA is a programmer's 
dream. 1600 pages packed with version-specilic 
data, Annotations of more than 100 system function 
calls, 90 user commands, and a host of utilities. 


Hundreds of hands-on examples and thousands of 


lines of cade, Plus articles on debugging, installable 
device drivers, TSRs, Windows, memory manage- 
ment, the future of MS-DOS, and much more. 
Researched and written by a team of MS-DOS ex- 
perts — many invoived in the creation and develop- 
ment of MS-DOS. Covers MS-DOS through version 
3.2, with a special section on version 3.3. $134.95. 


Microsoft Press 
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k* 


MARCH 1988 - BY TE 


y 


or 


ad 


Or call in your credit card order. 800-638-3034) (In MD 824-7100). Refer ta ad BMI. 


tn, 


151 


The FlexCache 386 
series from 
Advanced 
Logic 
Research 
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* 


FlexCache 386 series: 
The performance of 
80356/82385 technology with 
the power of advanced 
FlexCache architecture, 


“Spending 
more money 
doesn't 
guarantee that 
you'll end up 
with the 
system you 

| need. Make 

| some serious 
comparisons 
of features 
and prices and 
then get the 
most for our 
money." 


j 
Novell, DOS 3.X, 
SCO Xenix 386, OS/2 


he philosophy of getting more for 

your money has become an 
unbroken tradition with ALR. A 
tradition that has been recognized by 
all the major trade journals with 
excellent reviews. 


ALR 386/220, PC magazine's a 
choice as "The Best of 1987 «en 


gs 


magazine's choice as "The Best of 
1987", ALR extends its product line 
and introduces the FlexCache 386 
series. Naw the fastest PCs available, 
the FlexCache 386 series approach 
minicomputer proportions and offer 
two new ways to get the most for your 
money: 


FlexCache 16386 - 
a 16MHz, 0-wait-state, 
80386/82385 based system. 


FlexCache 20386 - 
a 20MHz, 0-wait-state, 
80386/82385 based system. 


Both systems have ALR's advanced 
FlexCache architecture. The flexible 
dual bus design provides a wide open, 
high-speed data channel for up to 60% 
faster CPU/memory through-put 

than the IBM P5/2 model 80-071 with 
the much touted microchannel 
architecture. 


ALR 


Compaq 
Teas ty DESKPRO 
5 ^4xLv 386/26 
$7490 > 
ALR 
FlexCache Compaq 
[AAS - af} DESKPRO 
5 MESI Tih 
tev. 
552 
PMU 


Power Meter Performance Index 


FlexCache 386 series edge aul Compag’s 
DESKPRO 386/20 & DESKPRO 386 in 
CPU/memory aggregate performance test. 


The cache memory controller can 
eliminate wait-states 95% of the time 


by keeping frequently used data close 
at hand, eliminating the need for the 
CPU to address main memory. This 
powerful blend of enhancements 
allows a FlexCache 16MHz CPU to 
move data along as fast as many 
20MHz CPUs and a FlexCache 20MHz 
CPU to move data even faster than a 
Compaq DESKPRO 386/20". 


The FlexCache 386 series comes 
equipped with the most fixed disk 
capacity for your money. The 
FlexCache 16386 has a 66 or 100 
megabyte fixed disk. 


The FlexCache 20386 will give 
you an extra 45,000 pages of 
document disk storage for free. 


The FlexCache 20386 comes with 


either a 100, 150, or 300 megabyte fixed 


disk. The FlexCache 20386 will give 


you an extra 45,000 pages of document 


disk storage for free when you 
compare it to the performance and 
price of Compaq's DESKPRO 386/20 
model 60. 


ALR 

FlexCache Compaq 
16386 - od DESKPRO 
$ 4690, 36 

| $6490 * 


Disk Capacities & Transfer Rates 
FlexCache 386 fixed disks store more pages of 
documents and achieve transfer rates pf up 
to twice that of the competition, 


FlexCache hard disk controllers 
transfer a full track of data in one disk 
revolution (1:1 interleave} instead of 
several disk revolutions as with (2:1 
interleave) most current systems. Full 
track data transfering plus ESDI 
(Enhanced Small Device Interface) 
look-ahead buffering, turns what 


used to be a data traffic bottleneck into 


a super high-speed corridor. 
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So, FlexCache 386 systems achieve 
transfer rates twice that of Compaq's 
DESKPRO 386 and 386/20 model 60. 


Advanced Logic Research offers the 
FlexCache 386 series as a powerful 
solution for today's business growth 
and performance needs. The 
FlexCache series offers power and 
expansion possibilities not easily 
exhausted. The minicomputer-style 
chassis of FlexCache 20386 offers space 
for five internal peripheral devices, 
allowing more data storage devices 
than any other PC available. With the 
money you save on a FlexCache 
system you can afford additional data 
storage options. 


ALR 
FlexCache 
20386 - 150 
$7490." 


3.5" support 


Full height 


Full height 


Half height 
Half height 


intemal Device Support 


With the future in mind, the FlexCache 
20386 is buill to accomodate growth. 


To make some serious feature and 
cost comparisons give ALR a call at 
(800) 366-2574 for the name of the 
dealer nearest you. 


FlexCache 386 
Series Specifications 


s ALR designed and proven mulli-toyer 
system board 

« Socketed for 80387 support 

> IMB 32 ot RAM, axpandapie to 2MB on 
sytem board 

e Owall-stote cache memory controller 

with its own 32KB of Pagh-sbperec (15 ns) 

static RAM 

Enhanced 101 keyboard 

Phoenix BKOS 

Dua drive suppon 

OS/2 comparte 


FlexCache 16386 Model 40 


Flext-Oche 356 senes specifications 
80385 CPU wih TM syriem clock 
82387 support wilh 15MH2 clock 
orte c30rma hard disk 


FlexCoche 1553845 Modal 100 


« RexCache 386 senes specifications 
o B84 CPL with TM H2 system clock 
0 AD387 suppon wih 16H clock 
* lOOMDyte <m: hard disk 


FlexCache 20345 Model 100 


e Fexcache M6 jones specifications 
s 80385 CPU with ZORAHZ pyttem chock 
. 80387 support with 2OMHz clock 
» lODMDyte <3Oms hoad disk 


FiexCache 20354 Model 150 
4,524902 


FlexC ache 386 senes specifications 
80385 CPU with 20M Hz tyriem clock 
80387 supporn with Z0MHz clock 
150&byte «23a, hock puttered. ESD 
haa disk 


FlexCache 20344 Model 300 
„399905 


HexCoche 386 series specifications 
80384 CPU with 2OMH2 system clock 
80387 support with AMH clock 
300Mbvyle «20ms. track buffered. ESDI 
harci cii 


Advanced Advanced Logic 
.. Research, Inc. 
10 Chrysler, Irvine, CA 92718 
714-581-6770 
PAX: 714-581-9240 


Telex: 5106014525, 
Answer back Advanced Logw 


From Asia or Europe call: 
ALR/Weames Technology 


(65) 2597521 (Sin "d 
Telex: BS38113 WREITEC 


FiexCache E a trademaork of advanced 
Logic Research, Inc. Compag. DESK PRO 
486 & 3156/20 ae hademarks of Comoog 
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Instead, your software will stay on the jab. Working better than ever. 
Because now it's linked to LaserPro™—the laser printer line with a range 
of emulations unmatched in the industry. 


The emulation advantage. 


Put ir software to work with LaserPro's wide selection of emula- 
tions. Our laser printers are compatible with all software programs that 
support the HP LaserJet Plus™ Diablo? 630, Epson? FX-80™ Qume 


Sprint? 11, and NEC Spinwriter® printers. Which means that the money 
you've already invested in software is still well-spent. Even today's 
newest software packages will leap into action with LaserPro. Printing 


everything from business presentations to bar codes, graphics to 
CAD/CAM drawings. 


No hidden costs. 


LETTER 
LEGAL 


With LaserPro the compatibility is built right in. Our entire selection 
of emulations is standard. No extra cartridges. No optional cards. No ex- 
tra costs, Just push-button access and hassle-free operation. 


And there’s more. 


Prices for our full line of printers are amazingly low. Each model 


brings you versatile 
not your budget. So 


rformance that over-powers the competition, but 
on to your soflware—and hook up with LaserP 


The full-featured printer line that's truly "top shelf." 
For more information, contact Office Automation Systems, Inc. 
OASYS), 8352 Clairemont Mesa Blvd., San Diego, CA 92111. 


619) 576-9500. 
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Excel Extraordinaire 


In two words, Excel does. 
Microsoft has moved its popu- 
lar Macintosh spreadsheet over 
to the IBM PC AT with all fea- 
tures, such as windows, pull- 
down menus, dialog boxes, and 
multiple fonts, still present. 
The new version also has features that 
were not present on the Macintosh ver- 
sion. These include better keyboard, 
font, and auditing support. Speed is the 
only remaining question. Is the 80286 ar- 
chitecture overtaxed by the superb graph- 
ics, and is the program overly slow as a 
result? Common sense and conventional 
wisdom suggest that the program's per- 
formance will suffer for its graphical lar- 
gesse. But a detailed look at benchmark 
results yields some dramatic surprises. 

The new Excel for IBM systems, offi- 
cially called Excel 2.0 ($495), follows the 
original Macintosh version by about 2 
years. On either the Macintosh or the AT, 
Excel is the paragon of bells and whistles. 
It docs so many things, in so many differ- 
ent ways, that it tempts you to spend 
countless hours merely exploring. 

You might quickly conclude that the 
program is huge. It comes on five I.2- 
megabyte 5 4 -inch floppy disks or seven 
720K-byte 3%-inch floppy disks (you 
can order a set of 360K-byte floppy disks 
by a special card). By the time you finish 
loading the program, you gobble up 3.6 
megabytes of hard disk space. When the 
program is executed, it takes up the lion's 
share of the 640K bytes of memory that it 
nominally requires, yet even that is not 
enough. The program must frequently 
swap overlays into and out of memory 
from the hard disk. The frequency of the 
overlays increases as the size of your 
spreadsheet increases. 

Although the package is popularly 
called Excel for the PC, Microsoft spe- 
cifically states that the software requires 
an IBM PC AT or compatible. Several 
non-AT compatible machines, such as 
the AT&T PC 6300, are supported, how- 
ever, The program can use a CGA graph- 
ics card, but an EGA, YGA, or Hercules 


Rich Malloy 


Microsoft's Macintosh 


spreadsheet shines on the IBM AT, 


but is it fast enough? 


adapter is highly recommended. 1n the 
same way, a mouse is not required but is 
well worth the additional investment. 
(Excel supports any mouse compatible 
with Windows version 2.0.) Since Excel 
uses up such a large amount of memory, 
an expanded memory card (Expanded 
Memory Specification version 4.0) is 
also recommended. 

As for software, Excel comes with its 
own run-time version of Windows 2.0. If 
you have a full copy of Windows 2.0, 
however, you can have Excel interact 
with other Windows applications. 


The Mac Interface on an AT 

The most dramatic distinction between 
Excel and a horde of other spreadsheet 
programs for the IBM PC is its user inter- 
face. Thanks to the run-time version of 
Windows 2.0 that comes packaged with 
the spreadsheet, Excel functions almost 
exactly like its cousin on the Macintosh. 
In some ways (e.g., keyboard and font 
support), it is actually better than the 
Macintosh version. 

Excel's keyboard support lets you ac- 
cess every one of Excel's multitudinous 
commands and functions without ever 
touching a mouse, In most cases, the key- 
board 1s fairly efficient—in some cases 
more efficient than the mouse. 

Fach menu or dialog box you choose 
contains an underlined letter. You can 
quickly choose an option by pressing that 
letter, or by pressing the letter in concert 
with the Alt key. The alternative is to 
press the Tab or Down Arrow key to cycle 
through the selections. 

One problem with this technique oc- 
curs in cases where several choices begin 
with the same letter. The designers did, 
however, provide a number of shortcuts 
for keyboard users, and generally, the 


keyboard support is very good 
for a mouse-based product. You 
don't really need a mouse, but 
if you get one, you'll find it is 
icing on a very rich cake. 

Ironically, the oae majar 
fault with the interface is not 
with the keyboard but with the mouse 
support. I asked a very experienced Mac- 
intosh user to try Excel on the IBM to see 
his reaction. He faulted the general 
"feel" of the mouse, saying it was too 
sensitive. (He was using the most recent 
Microsoft Mouse.) Excel apparently by- 
passes the Control program that comes 
with the mouse and offers only limited 
control over the mouse sensitivity: nor- 
mal, high, or very high. The program de- 
faults to the high selection. Bul even at 
the normal selection, the mouse seemed 
too sensitive; it was easv to overshoot a 
target area. Microsoft claims the problem 
is the sensitivity of the mouse and that 
you can adapt to the new mouse in about a 
week. Maybe so, but I hope they can fix 
this problem soon. 

Excel for the [BM also has better font 
support than its Macintosh cousin. The 
Macintosh version allows only one font in 
a document at a time, with three varia- 
tions on it: plain, bold, and italic. The 
[BM version allows four different fonts. 

Dyed-in-the-wool Lotus 1-2-3 users 
could adapt to Excel fairly quickly. One 
possible problem might be the general 
command style of Excel. In 1-2-3, you 
use a verh-object command structure 
(e.g., Copy AL..B5 to C4). Excel uses an 
Object-verb structure (e.g., AL:B5 Copy 
to C4). This takes some gerting used to. 


Macros Do Menus 

At Excel's introduction, Microsoft offi- 

cials said that they were using Excel to 
continued 


Rich Malloy is a BYTE senior technical 
editor. He can be contacted at BYTE/ 
McGraw-Hill, 1221 Avenue of the Ameri- 
cas, New York, NY 10020, or on BIX as 
"rmalloy. " 
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Excel 2.0 


Type 
Spreadsheet program with 
graphics and database support 


Company 

Microsoft Corp 

16011 Northeast 36th Way 
P.Q. Box 97017 

Redmond, WA 98073-9717 
(206) 882-8080 


Format 
Five 1 2-megabyte 5V4-inch tlappy disks 
or seven 720K-byte 3Vs-inch floppy disks 


Language 
T 


Hardware Required 

IBM PC AT or compatible with 640K 
bytes of RAM, graphics support, and à 
hard disk drive. Hercules, EGA, or VGA 
graphics card and mouse are 
recommended 


Software Required 
MS-DOS 2 1 or higher; Windows 
2,08 recommended. 


Documentation 

775-page Reference Manual, 395-page 
Functions and Macros Manual; 38-page 
Getting Started booklet; 82-page 
Sampler 


Price 
$495 
($250 for network user packs) 


Inquiry 888. 


build prototypes of new applications 
software. What makes this possible is 
Excel's extensive. support for macros. 
With the program's exhaustive list of 
macro commands, you can set up a whole 
new system of menus and dialog boxes 
and even control other Windows appli- 
cations. 

Excel boasts many macro commands. 
However, most of these commands are 
merely other ways for you to execute Ex- 
cel menu commands. But even if you only 
look at true macro commands (i.e., com- 
mands that perform a function that could 
not be performed by any other means) 
you would still find that Excel has an im- 
pressive number of commands. 

One of the reasons that Excel has so 
many macro commands is that it pro- 
cesses macros in a unique way. Most 
other spreadsheets treat macros as strings 
of keystrokes. For example, a 1-2-3 
macro to copy a cell to the right and move 
lo-the next row might have seven 
keystrokes: 
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/c-|right]-Heft] [down] 


where - represents the Return key, and 
fright} the right arrow key. Excel, how- 
ever, converts the keystrokes into a series 
of commands. The copy operation would 
require six keystrokes (Alt-E, Alt-C, 
right, Enter, left, down) but would be 
represented by six commands; 


=COPY{ ) 
xSELECT("RC[1]") 
=PASTE( } 

=CANCEL. COPY( ) 
zSELECT("R[1]C(-1]") 
=RETURN( ) 


Were it not for the equa! signs (which dif- 
ferentiate a macro command from a com- 
ment), the macro would look like some 
odd variation of BASIC. 

Excel's approach leads to large 
macros, but the macros are easy to under- 
stand, And in cases where you may just 
want to play back some keystrokes, there 
is a SEND. KEYS command. 

ii would be very difficult to describe 
the power of Excel's macros in this small 
space. Like a programming language, it 
would fill a book. Instead, let me provide 
a few examples. 

The ADD.BAR command lets you re- 
place the main menu bar of the program 
with your own. If you are so disposed, 
you can probably replace the menu bar 
with a 1-2-5-style menu bar, 

The ADD. MENU command lets you add 
pull-down menus to the preexisting menu 
bars or to your new menu bars. These 
menus can have communds that are 
grayed out or checked, just like Excel's 
menus. 

The DIALOG.BOX command lets you 
construct a dialog box containing scroll- 
ing lists, radio buttons (a menu ol choices 
that lets you have only one choice active 
at one time), and other Macintosh 
goodies. 

The EXEC command can execute Excel 
itself, or another Windows application. 
Once open, Excel can communicate in 
various wa&ys with another application. If 
the application supports DDE (the Dy- 
namic Data Exchange message-passing 
protocol), you can use an INITIATE com- 
mand to open a DDE channel to it. If 
DDE is not supported, you can use the 
clipboard or the SEND. KEYS command to 
send keystrokes to that application. 

Two commands, CALL and REGISTER, 
let you access all functions in Windows’ 
dynamic libraries. Microsoft has very lit- 
tle detailed information on this but hopes 
to have more information available for de- 
velopers soon. 

Excel has FOR...NEXT and WHILE 
. NEXT loops, too. You can set up auto- 


slart and auto-close macros that execute 
each time you open or close a particular 
worksheet. You can aiso have macros ex- 
ecute at a particular time of day, or when 
you choose a particular command. 

As in most programming languages. 
you can insert comments anywhere and 
single-step through the execution of the 
macros. And unlike most programming 
languages, you can highlight areas of the 
macro with various fonts and shading. 
Your code may look as impressive as it 
performs. 


Mac-Style Data-Entry Forms 

Excel has a good complement of database 
features that are similar to those of |-2-3. 
Excel also has a good data-entry-form 
feature. Data-entry forms greatly ease 
the process of getting information into a 
database. With Excel you can create not 
just a database form, but a Macintosh- 
style database form. That is, you can 
use radio buttons and scrolling lists just 
like Excel itself does. These forms are a 
little difficult to set up, and they run a 
little slower than Excel's normal dialog 
boxes, but they are impressive 
nonetheless. 

Excel supports data tables in much the 
same way as 1-2-3 does, which is to say it 
does not make the job excessively easy. 
However, once a data table is set up, Ex- 
cel lets you set up recalculation for every- 
thing but the table, thereby greatly speed- 
ing up operation. 


Finding Your Mistakes 

In any worksheet larger than a single 
screen, auditing becomes very impor- 
tant. Excel lets you give cells meaningful 
names that you can use in formulas and 
lets you attach notes to particular cells. It 
also lets you highlight all cells that are de- 
pendents or precedents of a particular 
cell. 

One of the most interesting features of 
Excel is its Info window. You can set up 
this window to sit in the background and 
report various pieces of information 
about any cell you select. It will tell you 
the formatting, the precedent or depen- 
dent cells, and any notes that attach to the 
cell. With the Info window set up, you 
can easily scroll around a worksheet and 
check this information. 


No Three-Dimensional Graphics 

Excel can generate a good selection of 
graphs. These include the obligatory bar, 
area, line, and scatter graphs, as well as 
the old favorite pie chart. One advantage 
of Excel ts its ability to do several varia- 
tions on each of these common themes. 
The program also features high-quality 
text fonts and the ability to paste the 
graphs into Windows Write, the word 


processor that comes with Windows ver- 
sion 2.0. Macintosh users may be happy 
to know that macros can now access all 
the graphics commands. 

Unfortunately, Excel cannot do threc- 
dimensional graphs. These graphs arc in- 
creasingly popular and are included in 
some of the competing new sprcadsheet 
programs, such as Surpass and Quattro. 

This review just barely scratches the 
surface of Excel's features. I should also 
mention that color is available, if you 
have an EGA or VGA. The program is not 
copy-protected, and it includes the ability 
to print wide worksheets sideways. 


Head-to-Head: Excel Versus 1-2-3 
After reading about all these features. 
you might conclude that Excel just has to 
be slow. But is it? And if so, by how 
much? To find out, I tested Excel on an 
AT clone with a 6-MHz clock speed, 
640K bytes of RAM, and a 20-megabyte 
hard disk drive. The system was also 
equipped with a Hercules-style graphics 
card. a monochrome monitor, and the 
new Microsoft Mouse. The only software 
[ ran with Excel was MS-DOS 3.1, the 
inouse driver, and the mouse control 
panel. For each test, the program and the 
benchmark worksheets were "maxi- 
mized" to their largest sizes. 

For comparison, I tested {-2-3 (version 
2.01) on the same machine. I was 
tempted to use 1-2-3 with Lotus Develop- 
ment’s Speedup add-in program, since 
this program can dramatically speed up 
l-2-3. But in these benchmarks, where 
each cell is dependent, the add-in actu- 
ally has the effect of siowing the program 
down by a small amount. Thus, I did not 
use this feature. 

The tests ] used were the same as those 
used in the article "Spreadsheets" in 
BYTE's Applications Software Today 
(Summer 1987). Three of the tests in- 
volved a simple 100- by 25-cell work- 
sheet, where each cell was a multiple of 
the previous cell. The fourth test was the 
so-called Savage benchmark, which mea- 
sures floating-point accuracy and perfor- 
mance by using logarihmic and trigono- 
metric functions. 

As you can sce by the results in table 1, 
Lotus's 1-2-3 is still number one in the 
Simple Recalculate and Insert Row tests. 
Excel was only 60 percent as fast as 1-2-3 
in simple recalculations and was even 
worse when inserting rows, However, the 
other two tests yielded surprising results. 
Inthe Scroll Right test, where the charac- 
ter-based 1-2-3 should have had a hands- 
down advantage, Excel was 18 percent 
faster. [n addition, in the Savage test, 
both programs had approximately the 
same results and the same error (approxi- 
mately 10-*). 
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Excel still has some catching up to do 
when it comes to simple recalculations. 
But it is interesting to note that, as you 
might expect, you can make Excel go 
faster by decreasing the size of its viewing 
windows. When I decreased the size of 
the benchmark window to 2 by 2 cells, 
the Recalculate speed increased by 48 
percent. Also, I was very amused and in- 
trigned when I found that Excel's results 
on the AT clone matched pretty closely 
with those measured on thc Macintosh 
last year. For each test, the difference is 
less than 10 percent. 


Documentation Goes Electronic 

The most exciting thing about Excel's 
documentation is a program called the 
Feature Guide. This ts a Windows appli- 
cation that runs in conjunction with Excel 
and communicates with it by DDE. The 
Guide functions sometimes as a slide 
show, showing graphics and displaying 
various worksheets and charts. In certain 
practice sessions, it lets you try out a par- 
ticular feature and advises you when you 
make a wrong keystroke. This is an im- 
pressive program and a necessary intro- 
duction to a feature-rich product such as 
Excel. It also ts a good example of what 
can be done with the DDE channel of 
Windows. 

The rest of the documentation is two 
fairly conventional three-ring binders; 
one is a general reference, and the second 
is on functions and macros. A small 
booklet shows a short introduction and 
has instructions on how to get started. A 
fourth, thin book (with disk) is a “Sam- 
pler" of very interesting applications. In- 
cluded, for example. is a worksheet for a 


| Table 1: in the head-to-head 
benchmark comparisons of Excel 
and Lotus 1-2-3, 1-2-3 stil! 
maintains supremacy in the 
Simple Recalculate and Insert 
Row tests. But, surprisingly, Excel 
is 18 percent faster in the Scroll 
Right test. Both programs are in a 
dead heat in the Savage test. All 
times are in secands. 


Test Excel 1-2-3 
Gimple Recalc 4 4B ? 68 | 
| insert Row 4 06 175 | 
Scroll Aight 4738 56881 
Savage 33.02 — 33.55 


new business plan and a set of macros for 
solving simultaneous equations. 

[ might suggest that the company add 
more examples to the Functions and 
Macros Manual. Several of the macro 
commands arc intricate, and examples of 
each command would be helpful. 


A Rare Product 

The only things I might fault in Excel are 
the less-than-stunning recalculation 
speeds and the mouse support. But in 
view of the power and flexibility pro- 
vided by ihe program, these criticisms 
seem empty. 

This rare product combines extreme 
case of use and exceptional power. It is 
one of the first products to establish a 
common interface across the AT and the 
Mac. I heartily recommend it—for both 
novice and expert—on both machines. 8 


Microsoft Works 


Nicholas M. Baran 


An integrated program for the IBM PC 
and compatibles, Microsoft Works 1.00 
($195) offers word-processing, spread- 
sheet, database, and communications 
modules, The package also includes a 
chart facility for creating graphs from 
spreadsheet data and a separate memory- 
resident macro-command processor, 
Though sufficient for most tasks, 
Works's modules do not quite measure up 
to full-featured, stand-alone applications 
packages. The word processor module 
includes all the text-handling functions 
required for basic text processing, but it 
does not have the sophisticated graphics 


or document management capabilities of 
Microsoft Word. The spreadsheet mod- 
ule is à basic Lotus-compatible spread- 
sheet without the Lotus macro language, 
and the database module is a nonpro- 
grammable, single-table file manager or 
"flat file" system. The communications 
module is fine for dialing bulletin boards 
or conferencing systems and download- 
ing and uploading files, but it does not 
include a programming or command 
language. 
Whiie Works is primarily intended for 
novice users, it has adequate capabilities 
continued 
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Microsoft Works 1.00 


Type 

Integrated soltware package with ward 
Drocessor Spreadsheet. database 
manager telecommunicalionas 

program and separalg macro-command 
Drocessor 


Company 

Micraso't Corp 

1801! ! Northeast 36th Way 
PO Bax 97017 

Redmond WA 98073-9717 
(208) 882-8080 


Language 
C and assembly 


Hardware Required 

BM PC XT AT PS/2 or companble 
with 384, bytes of RAM. two 360K byte 
l'apny disk drives or one 7 20K byte 
'oapy disk drive (or a nard disk drive) 
and a CGA. EGA VGA or Hercules 
graphies adapter card mouse modem 
and printers are oploanal 


Format 
Eight 5*a-inch floppy disks and lour 
4¥2-nch flpppy disks 


Documentation 

578-page Microsott Works Relerence 
Manual, separate appendixes covering 
paniers modems using a mouse ana 
MS-Mey macro processor Quick 
Reference card keyboard guide 

[| 

Price 

$195 


Inquiry 897. 


tor experienced users and offers the ad- 
vantage of complete integration between 
these four basic software applications al a 
reasonable price. 

The package requires 384K bytes of 
RAM, MS-DOS 2.0 or higher, two 
360K -hyte or one 720K-byte floppy disk 
drive, and a CGA, EGA, VGA, or Hercu- 
les graphics adapter card. The program 
can use a Microsoft Mouse and Hayes- 
compatible modems. 

| tested Works version 1.00 on an [BM 
PC XT with a Microsoft Mouse und an 
Orchid TurboEGA card. The program is 
easy to install and uses the standard setup 
system found in all Microsoft applica- 
tions for the IBM PC. Works comes on 
eight 54-inch floppy disks and four 3%- 
inch floppy disks. It includes a spelling 
checker and an extensive on-line tutorial. 
Without the tutorial, Works requires 
about | megabyte of hard disk storage: 
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with rhe tutorial, the program requires 
|.8 megabytes. 

You can configure Works to operate 
with the mouse or keyboard. With the 
mouse option installed, you can still use 
all available keyboard commands and 
functions. However, the macro processor 
cannot incorporate mouse actions into re- 
corded macros. Works also supports a 
wide range of printers and, by default, 
supports Hayes-compatible modems for 
communications. You can, however, 
configure Works for use with other types 
of modems. 

Works uses a pull-down menu inter- 
face that is consistent throughout the four 
modules. You access the menus by press- 
ing the Alt key and then selecting the 
command or simply pressing Alt fol- 
lowed by the first letter of the command. 
A description of the command you select 
appears at the bottom of the screen, and. 
in most cases. a dialog box appears for 
making additional selections ar entering 
command parameters. With à mouse, 
you can point to and click on menu op- 
tions and dialog boxes, and you can block 
off text or scroll through files. 

| often pressed the Enter key at the 
wrong time in dialog boxes and discov- 
ered through trial and error that the Tab 
key was required to move to the next com- 
mand parameter. 

Works truly qualifies as an integrated 
package. You can access any of the four 
main application modules at any time. It 
assigns default file extensions to different 
file types so that a automatically knows 
which application to load with an existing 
file. For example, if you save a script file 
for 2 communications session, Works 
automatically assigns ila WCM file ex- 
iension. The next time you load the file, 
Works will automatically invoke the com- 
munications module. Similarly. special 
file extensions are assigned to spread- 
sheet, word-processing, and database 
files. You can override the assigned file 
extensions if you wish. Works also lets 
you temporarily exit to DOS. 

Works Jets you open up to eight files at 
one rime. Even though you can work only 
on one file (1.e.. the active file) at a ume, 
you can switch from one file to the next 
with a single command. You can cut and 
paste data imerchangeably between texi 
documents, spreadsheets, graphs. and 
database files, The ease with whieh you 
can move data from one application to an- 
other is one of Works's most impressive 
features. 

For example, 1o copy data from a 
spreadsheet into a word-processing file. 
you define the block of data in the spread- 
sheet. copy the data into a buffer, open 
the word-processing document, move ihe 
cursor to the desired location tor the 


spreadsheet data, and press the Enter 
key. You can do the same between data- 
bases and text documents and also be- 
tween spreadsheets and databases, pro- 
vided the data formats are consistent. 


Word Processor 

The Works word processor is the closest 
of the four modules to what I would ex- 
pect of a stand-alone word-processing 
program and is really the best part of 
Works. I used the BYTE standard tests to 
get a feel for the performance of the word 
processor and was impressed with the re- 
sults, [Editor's note: See "Word Proces- 
sors " by Phillip Robinson in BYTE y Ap- 
plications Software Today, Summer 
1987.| The BYTE 4000-word benchmark 
file loaded very quickly. A global search 
and replace of a word that was found 400 
times throughout the document took only 
5 seconds to complete Resetting the mar- 
gin and subsequent document reformat- 
ting occurred almost instantaneously, 
Converting the file to ASCII format took 
about 20 seconds, and saving if as u 
Works document took about & seconds. 

I also worked with a 20-page document 
converted from WordPerfect. The Works 
word processor handled all editing func- 
tions admirably within the large docu- 
ment. You can convert Works's text doc- 
uments to straight ASCH format with 
linefecds at the end of each line (e.g.. 
suitable for transfer via modem), or into a 
text format with carriage returns ai the 
end of each line, which other word pro- 
cessors van read. You cannot load Works 
documents directly into Microsoft Word; 
you have to save the document as a text 
file First. 

The Works word processor includes 
automatic pagination and reformatting. 1 
found the reformatting function a bit dis- 
tracting when I was inserting text into an 
existing document. From the corner of 
my eye, [ could see the lower text con- 
stantly repositianing itself; however. this 
is a characteristic | could get used to. 

The formatting commands for page 
layout, headers and footers. italics and 
uaderlining. and so on, are all easily ac- 
cessible from the pull-down menu bar on 
the top line of the screen. You can also 
switch between windows and work on dif- 
ferent open documents. 

Works shows page numbers but does 
nat provide line numbers or cursar posi- 
ion and also has no facility for obtaining 
a word count, The spelling checker in- 
cludes 80,000 words and is similar lo 
other word processor spelling checkers, 
such as the one used with WordPerfect. 

Perhaps the best feature of the word 
processor is the case with which you can 
merge text from ibe database module for 
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If you've got better things to do than debug pages and 

pages of code, you need ASYST™ It's the programming 
environment developed specifically for scientific and 

engineering applications. 


ASYST simplifies data analysis and graphic display, 
and integrates them with data acquisition. Using 
ASYST, you can replace pages of low-level code with a 
few specialized commands. And it's easy to tailor to 
your changing applications. ASYST’s simple 
configuration menus and our technical support will 
get you up and running quickly—and keep you there. 


Call and discuss your application with one of our 
technical specialists. Or request more information. 


Just make the next line of cade you enter 
1-800-348-0033. It'll put you on-line with ASYST, 
the scientific way to program. 


Features: 

Bi Analog-to-Digital, Digital-to-Analog, and Digital VO Support 
i GPIB/IEEE-488 Interface 

© RS-232 Interface 

E Sophisticated Analysis and Graphics 


System requires IBM PC, XT, AT, or 100% compatible. 


ED 
100 Corporate Woods 
Rochester, NY 14623 
716-272-0070 


System Developers: Ask about our new ASYST Run-time License. 
ASYST isa trademark of Asyst Software Technologies, Inc. 


IHM, IBM PC, IBM PC/XT and [BM PC/AT are registered trademarks 
of international Business Machines Corporation. 
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The Works spreadsheet 
does the job, but it 

is the weakest module. 
it takes almost 1 minute 
to load a 1000-row by 

5- column spreadsheet. 


orm letters und printing mailing labels. 
You simply select the Insert Field 
command from the Edit menu and select 
und locate the appropriate field names 
from your database. When you print the 
document, Works automatically inserts 
Ihe database data, one record al a time, 
generating as many documents as there 
are records in the database. You use the 
Print Labels command to generate the 
labels from the database. 

The word processor is more than ade- 
quate for most straightforward writing 
tasks. [ would not hesitate to use it for 
most of my writing requirements, The 
mail-merge facility is actually quite a bit 
casier to use than comparable mail-merge 
utilities in some of the high-end word 
processors, such as Microsoft Word or 
WordPerfect. The word processor is also 
the easiest to learn of the four modules. 
ll discuss ease of use in greater detail at 
the end of this articie. 


Database 
The Works database is a simple flat-file 
system and is adequate for maintaining 
straightforward databases, such as mail- 
ing or contact lisis or simple financial 
and statistical tables. A single Works 
datubase table can contain up to 4096 
records and 256 fields. You can work 
with a database in form or list mode. In 
list mode. records are displayed in rows 
on the screen. In form mode, one record 
at a time is displayed on a screen form. 
which you design when you define the 
database. 

To define a database, you simply scl up 
a form on the screen. similar to the proce- 
dure in PFS:File or Symantec's Q&A. 
However, I did find Works's use of the 
Enter key confusing. Pressing the Enter 
key defines the form rather than a single 
field. F kept losing defined fields by 
pressing the Enter key at the wrong ume. 
Once ] got the bang of it, however, it was 
simple to define fields and also to cus- 
tomize the form. Works provides func- 
uions for moving fields around the form 
and performing modifications to the data 
structure, The Works database supports 
texi and numeric formats, as well as date. 
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time, and logical data rypes. 

In spite of its simplicity, the Works 
database includes a good query facility 
and options for embedding formulas in 
fields. Field formulas can reference other 
field values in the database. The database 
uses the same library of functions as the 
spreadsheet module. The report genera- 
tar includes options for specifying break- 
points and formatting and sciecting spe- 
cific data values. As mentioned in the 
section on the word processor, it is very 
simple to transfer database ficld values to 
the word processor for form letters. 

AS with the word processor, I ran some 
of BYTE's standard tests and found the 
performance of the database to be better 
than I expected for such a low-priced 
product. While the Works database does 
not include an indexing or key-field 
scheme, sorting a 1000-record file took 
only about 4 seconds. Searching the same 
file for à value in the last record took 
about 5 seconds, 

My main complaint about the database 
in that you can't change the field de- 
limiters if you want to save the database in 
ASCII format. This means that quotes 
surround ali field values when saved in 
ASCI delimited format. There should be 
a facility for changing the delimiter to a 
blank or a space. On the positive side. the 
Works database provides a range of oper- 
ations for formatting database fields and 
farms. 

The database is quite easy to learn. 
though it takes a bit more effort than the 
word processor, 


Spreadsheet 
The Works spreadsheet does the job, but 
tL is the weakest of the four modules when 
it comes to performance. ft takes almost | 
minute to load a 1000-row by 5-column 
spreadsheet, and then the screen fangs 
temporarily (i.e., keystrokes are not rec- 
ognized) until Works gets its bearings 
again. Another quirk is that the spread- 
sheet status line reports that recalculation 
is completed about 30 seconds before it 
really is. It was disconcerting to try to 
move on to another task and then realize 
the spreadsheet was still recalculating. 
Actual performance of the BYTE stan- 
dard tests | Editor's note; See ""Spread- 
sheets " by Rich Malloy in BYTE s Appli- 
calions Software Today. Sumuner 1987] 
was comparable to other spreadsheet pro- 
grams. A compounded calculation in- 
volving the 1000- row by 5-column matrix 
and using a formula where each cell 
multiplies the value of the immediately 
previous cell by [.00! produced an insig- 
nificant error of 2.14" over the total cal- 
culation, This resull is a good indicator of 
the accuracy of the spreadsheet compiler. 
The compounded calculation 100k about 


60 seconds, while a recalculation af a 
100- by 25-cell spreadsheet took about 12 
seconds. Cursor speed is also compara- 
ble to other spreadshects, requiring about 
24 seconds to traverse 100 columns. 

The spreadsheet includes a standard ti- 
brary of arithmetic, Financial, and logical 
functions and produces files in Lotus 
. WKS file format, While files are inter- 
changeable with Lotus 1-2-3, the Works 
spreadsheet does nat support Lotus 
macros or the Lotus database functions 
(understandably. since Works has its own 
database). 

The spreadshect’s charting function 
produces the basic graph types (e.g.. 
line, pie, bar, and area). You first select 
spreadsheet ranges and then assign them 
to the axes of the chart. The chart facility 
provides the normal formatting and label- 
ing functions found in most business 
graph utilities. 

The spreadsheet seems fine for mod- 
esl-size npplicalions, but the false com- 
pletion signal with the 1000- by 5-ceil 
spreadsheet makes me hesitate to rec- 
ommend Works for large spreadsheet 
applications. 


Communications 

| tested the communications module by 
logging onto the BYTE Information Ex- 
change (BIX) and uploading and down- 
loading files. The communications mod- 
ule includes a handy script-file recorder 
for saving Sign-on or log-on sequences. It 
recorded my log-on sequence to BIX, and 
irom then on, | just opened the Works 
window and called up the BIX communi- 
cations file; Works then dialed BIX and 
lagged on. 

The Works communications program 
supports both text and X MODEM file- 
transfer protocols. File transfers and cap- 
tures worked without a hitch. Documents 
from Works’ word processor saved in 
plain-text format transferred perfectly 

While the communications package 
does not include a command language. it 
is perfectly adequate for most users log- 
ging onto bulletin boards or conferencing 
systems. However, it took trial and error 
to get the communications system to work 
properly. At first. | couldn't figure out 
what should go in the "Modem Type" 
l'ield of the dialog box. As it turns out, if 
you have a Hayes-compatible modem. 
nothing should be entered in that field. I 
found this out by trying various alterna- 
iive values for about half an hour. Select- 
ing different modem types ts covered in 
the appendixes to the Microsoft and MS- 
Key macros reference, a separate manual 
included in the package. 

As with the other functions of Works, 
once 1 gor the hang of if, the communica- 
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The HP LaserJet With additional 
. . memory you can even 
Series II Printer. print sophisticated 300 
Nothing brings your DPI full-page graphics. 
ideas to life like the HP And with HP's ScanJet 
LaserJet Series [I Printer- " Scanner, you can also 
from office memos to forms easily add photographs, 
to newsletters. As the leading lace illustrations and text. 
printer, it works with all popular PCs No wonder more people choose 
and PC software packages. And, with the onginal over all other laser printers 
a wide range of fonts, you get more combined. 
options to create superior looking So call 1 800 752-0900, Ext. 900D 
documents. for your nearest HP dealer. 
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tions module was easy to use and did the 
job. 


Macro Processor 

| worked with the macro processor only 
briefly. Called MS-Key, the macro pro- 
cessor is a separate module invoked from 
the DOS prompt. It can run from a disk 
or as a memory-resident program. You 
can adjust the amount of RAM used by 
MS-Key, and you can deactivate n. I had 
WordPertect’s Repeat Performance key- 
board enhancer (version 2.0) already 
loaded when I first tried MS-Key and 
hung up the systern. So, you may have to 
experiment a bit if you want to run MS- 
Key with other memory-resident pro- 
grams. 

MS-Key can record any sequence of 
keystrokes used in Works. [t includes a 
special macro editor for modifying previ- 
ously recorded key sequences. Ás men- 
tioned earlier, it does not recognize oper- 
ations that the mouse performs. 

The MS-Key macro processor is defi- 
nitely useful for executing repetitive 
tasks. I tested it by recording a sequence 
of commands for loading a particular 
document and performing some search 
functions. With MS-Key loaded, an addi- 
tional macro menu appears in the Works 
menu bar for executing, editing, and re- 
cording macros. Since MS-Key is really a 
separate program, instructions on its use 
are provided in a separate appendix to the 
Works user manual. 


Ease of Use 

Microsoft's sales pitch is that Works is an 
absolute snap for first-time users to learn 
and that in no time at all, novice users 
will be blazing through form letters, in- 
voices, and mailing lists and downloading 
stock quotes from Dow Jones. | would 
dispute these ease-of-use claims. 

The package does include a good on- 
line tutorial that lets you work through all 
the capabilities of Works. You can even 
Start up the tutorial from within an appli- 
cation that you are working on. Works 
also includes a large on-line help facility 
with a topic index, explaining the various 
functions and commands in Works. 

In contrast to the impressive on-line tu- 
torial, the Microsoft Works Reference 
Manual is mediocre. [ spent almost an 
hour trying to figure out how to log onto 
BIX or to find some information on the 
"Modem Type" field. There is no men- 
tion whatsoever of field delimiters in the 
database section, The index does not in- 
clude a topic on data types. There is no 
direct information on how to obtain a di- 
rectory of files that don't have Works file 
extensions. I figured out that you use * .# 
for that purpose. I don't think a novice 
user would necessarily figure that out. 
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Many of the technical details not covered 
in the reference manual are in the appen- 
dixes manual. 

While this criticism may seem a bit 
heavy-handed, it is important not to mis- 
lead new users into thinking thal Works 
represents a revolutionary breakthrough 
in case of use. This is simply not the case. 
While it is easier to learn than Word- 
Perfect, Word, or Paradox, Works re- 
quires considerable effort from the nov- 
ice in understanding its concepts and 
capabilities. 


Working Opinion 

In spite of the criticisms regarding its ease 
of use, Works is overall an excellent pack- 
age for the money. The mail-merge facil- 
ity alone may be worth the money to 


many users who don't want to struggle 
with the control codes and other confus- 
ing mail-merge commands found in most 
word processors. The Works word pro- 
cessor is competitive with many stand- 
alone word processors, as long as you 
don't need document suminaries or 
WYSIWYG (what vou see is what you 
get) text formats on the screen. The com- 
munications and database modules do the 
job, and, in spite of its quirks with large 
spreadsheet files, the spreadsheet does 
the job, too. [ recommend Microsoft 
Works. i 


Nicholas M. Baran is an associate tech- 
nical editor for BYTE. He can be reached 
at 425 Battery St., San Francisco, CA 
94111], or on BIX as "nickbaran. " 


Reflex Plus for the 
Macintosh 


Charles Spezzano 


When it comes to relational database 
managers for the Macintosh, Reflex Plus 
is the fastest and easiest to use that I have 
seen. [t lets you create relational data- 
bases from which you can link files to 
allow cross-accessing of information. AF- 
though it does not let you create custom 
menus and dialog boxes to shield the end 
user from the underlying structure of the 
program and create the illusion of a cus- 
tom-designed program, it has few other 
shortcomings. Reflex Plus version 1.0 
runs on any Macintosh with at least 512K 
bytes of RAM and 800K bytes of floppy 
disk or hard disk storage. 

Reflex has evolved in three stages. It 
began as a program called Interlace, 
which was a good program from the start. 
Then Borland bought it, renamed it Re- 
flex for the Macintosh, and removed the 
copy protection while also improving the 
highly visual interface. The company up- 
graded Reflex further and called it Reflex 
Plus: The Database Manager. The 
changes are far more than nominal. 

The entry forms now allow default 
fields, calculated fields, and display-only 
fields. The calculated fields automiati- 
cally perform a variety of calculations 
during data entry. You can also create 
multiple entry forms for cach database. 
Omne entry form might display data one 
record at a time, while another displays 


all records at once in a tabular format. 
Report design has also been improved 
with new functions such as GROUPBY. 
which shows records grouped by com- 
mon values in fields. 

Reflex for the Macintosh could have 
records with a maximum size of only 
1000 characters. That is the default maxi- 
mum record size in Reflex Plus, hut if 
you need more space for each record in a 
file, you can select Configuration from 
the Apple menu and then select a new 
maximum size of 2000 or 4000 charac- 
ters. The number of characters you can 
enter in a single text field is limited only 
by the 1000-, 2000-, or 4000-character 
record limit minus the number of charac- 
ters in other fields in the record. The pro- 
gram's other structural aspects are un- 
changed: 254 fields per record, as many 
records in a file as your disk can hold, 
and up to 15 files open simultaneously. 

The new Paste Choice function 
serves a dual role. It iets you quickly de- 
fine formulas by pointing and clicking 
with a mouse; and it can be used to copy a 
formula or field, with its attributes, from 
a database into another entry or report 
form. When defining a formula, you can 
create an entire path name by selecting à 
database file, expanding the file to see its 
fields and links, clicking on a linked file 
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Reflex Plus: The Database 
Manager 1.0 


Type 
Relational database manager 


Company 

Borland International 

4585 Scotts Valley Or 

Scotis Valley, CA 95066-9987 
(408) 438-8400 


Format 
Three 3¥2-inch floppy disks 


Language 
Assembly 


Hardware Required 

Any Macintosh with at least 512K bytes 
of RAM and 800K bytes of lappy disk or 
hard disk storage 


Documentation 
576-page Fleflex Plus User's Guide 
180-page Learning Reflex Pius 


Price 
$279; upgrade tor Reflex owners. $95 


Inquiry 896. 


and expanding it to see its fields and 
links, and clicking on a field in a file. 

Other changes in the program take care 
of annoying features in the previous ver- 
sion. In Reflex, for example, if you se- 
lected Snow Header but did not put any- 
thing in the header, space was still 
reserved for that header. To remove the 
blank header, it was necessary to select 
the header and choose Clear from the 
edit menu. [n Reflex Plus, by contrast, if 
you don't create a header, the command 
displayed is New Header. If you don't 
place anything in the header, it docs not 
officially exist, and the cammand re- 
mains New Header, Only after you actu- 
ally place something in the header does 
the command become Show Header. The 
two-step process is identical for footers. 

You pay a lot for 1hose improvements. 
Reflex used to be the greatest bargain in 
the Macintosh database market, retailing 
for $99.95. The suggested retail price for 
Reflex Plus is $279. Reflex owners can 
upgrade for $95. [n comparison with the 
competition—most of which sell for just 
under $500—Reflex Plus is still a good 
buy, if not a great bargain. 


Easy and Flexible 
Reflex Plus is the easiest to use of the top 
five fully relational Macintosh databases 
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(including Omnis 3 Plus, dBASE Mac, 
4th Dimension, and Double Helix ID). 
Many users could probably muddle their 
way through setting up 4 simple name and 
address database without reading the new 
improved reference manual or the tutorial 
learning guide. That's because much of 
the program is self-evident, and its over- 
all design fits well into the Macintosh 
environment. 

Typing and use of a command lan- 
guage is minimal. For example, when 
you want to use one of the 55 built-in 
functions that give Reflex Plus many of 
the capabilities of a spreadsheet, you 
click on the field to write the formula that 
will incorporate the function. Then you 
click in the formula panel in the place that 
you want to paste the function name. 
When you choose Paste Function Name, 
a dialog box appears, listing the available 
functions. You then click on the function 
name you would like to paste into the for- 
mula. The program not only pastes the 
name, but also 4 generic template show- 
ing the correct syntax of the arguments of 
the function. At this point, you have to re- 
place the generic syntax with actual field 
names and values before the formula is 
functional, but that's about all Reflex 
Plus asks of you in this ordinarily compli- 
cated process. 

Building a database is just as easy. You 
name the database, and a screen appears 
displaying the database name and a blank 
space under it for the first field name. 
You type the field name, press Return, 
and then type the next field name. In a 
simple name and address database, noth- 
ing else would be required before data en- 
try. Reflex Plus automatically sets all 
new fields to contain text. But if you want 
to specify other types of fields, six others 
are available: number, integer, date, logi- 
cal, time, and sequence. Reflex automat- 
ically checks for data of the correct type 
for each field, and you can further define 
more specialized data checks for each 
field. 

A number field provides up to 15 deci- 
mal places of precision and accepts expo- 
nential notation in the range of E308 to 
—E324. An integer field can contain 
whole numbers from —2,147,483,647 
through 2,147,84,647. [f you specify a 
field as a sequence field, Reflex Plus 
automatically assigns consecutive num- 
bers to the records you enter in a data- 
base. A file can contain only one se- 
quence field. 

Every database file must include at 
least one key field or you cannot save the 
design. There can, however, be multiple 
key fields in a record. Taken together, the 
key fields of a record constitute the key of 
that record. This is an important concept 
in Reflex Plus, since there are no in- 


dexes. The key for each record is unique, 
and Reflex Plus automatically sorts 
records by the key fields and displays the 
records in that sorted order. That can be a 
problem if you want to go back and check 
the last record entered in a database, but 
it makes searches very fast. It is also a 
very flexible system. You can change a 
nonkey field to a key field, even after en- 
tering records into a database, simply by 
moving the field above or between other 
key fields in the list. The change happens 
instandy, but when you next save the 
database and quit Reflex Plus, the pro- 
gram must then write the change to disk, 

Equally flexible is Reflex Plus's toler- 
ance for changes in the structure of a 
database that has records in it. You can 
add a new field, delete or rename an 
existing one or change its type, reorder 
the fields on an entry/display form, and 
change links between files—all with 
automatic restructuring of data by Reflex 
Plus. 


Relational Linking 

Another feature that makes Reflex Plus 
special is its method of creating links be- 
tween files. This is the essential test of a 
program that claims to be relational, and 
Reflex Plus passes it with flying colors. 
When you decide to link two files, you 
simply add link fields to the images of the 
database files that you want to connect, 
draw a line between the link fields, and 
specify a type for each link. 

Reflex Plus lets you set two different 
types of links: a single link, where a 
record in one file links to oaly one record 
in the other file; or a collection of links, 
where a record in one file links to multi- 
ple records in another file. For example, 
if you connect a customer file with an in- 
voice file, the link from the customer file 
would be a collection of links to invoice 
records, because one customer record 
might be associated with more than one 
invoice record. By contrast, any single in- 
voice record will be associated with only 
one customer record, so the link from the 
invoice file would be a single link to one 
customer record. Once you link files, 
changes made in one file are automati- 
cally reflected in the others. 

[n addition, when you look at a record 
in one file, such as the customer file used 
in rhe previous example, and you want to 
find information in another linked file, 
such as an invoice file, simply select 
Show Linked Record from the utility 
menu. This displays the record (or 
records) in the other database file that 
link to the current record in the current 
file. 

Once data is in your files, Reflex Plus 
provides powerful search and sort capa- 

cunimnued 


Every presenter wants to make a com- 
pelling, persuasive case. And color, 
you'll agree, makes all 
the difference. 
It's more eye- 
catching. More 
of SS readily under- 
—— = stood. More 
memorable. In short, color makes any 
desktop presentation more effective. 
And research proves it. 

All you need is a Hewlett-Packard 
ColorPro Plotter like we used here, or 
the HP PaintJet Color Graphics Printer. 
Together with a PC—IBM compatible 
or Apple Macintosh—you can use all 
the popular graphics software like 
Lotus Freelance Plus, Cricket Presents, 
HP's Graphics Gallery (used below), 
Microsoft Chart and Harvard Graphics. 


Ur 


At under $1,300, the HP ColorPro 
Plotter may be just where you want to 
start. [t will turn your ideas into colorful, 
easy-to-grasp visuals. Or, if you need to 
combine near-letter quality text with 
color graphics, you can rely on the 
HP PaintJet Color Graphics Printer for 
under $1,400. Whichever you choose, 
you ll create desktop presentations 
with startling calor and greater impact. 

For a colorful sample overhead and 
the name of your nearest dealer, call 
1 800 752-0900, Ext. 903A. 
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Table 1: In the benchmark tests, Reflex Plus was much faster than Double 
Helix Il. (All times are in minutes:seconds.) 


Reflex Pius 1.0 


Search for last record 
Search for nonexistent record 
Index a fietd 


Double Helix Ii 1.0 


:05 1:13 
:05 . itd 
q^ 2:08 


*Time does not include updating the disk, which took 1 minute upon exiting from the 


program. 


bilities. You can use the *" PormulaBuild" 
dialog box to easily retrieve records 
based on qualifications of values in fields 
combined with AND or OR. By pointing 
and clicking, you can paste the operators 
Equal, Not Equal, Less, Less or 
Equal, Greater, Greater or Equal, 
Starts With, and Includes into the 
query formula. As with constructing cal- 
culation formulas, the FormulaBuild fea- 
ture lets you set up complex sesrches 
without having to memorize search for- 
mula syntax. 

Unlike some relational databases, Re- 
flex can also serve as a text-oriented data- 
base. The 4000-character maximum field 
size is large enough for comments on a 


XCI410C 
EGA Compatible 


client or the abstract of a journal article. 
The Start With and Include operators 
can handle key word or phrase searches 
adequately. Even with these capabilities, 
text entry could be cumbersome, because 
you move from one field to the next by 
pressing the Return key. That could pre- 
clude creating separate paragraphs within 
a field, but Reflex Plus gets around this 
potential problem by letting you insert 
line breaks in a text field by pressing 
Shift-Return. 


Formulating Reports 

The Reflex Plus report generator is as 
simple and sophisticated as the rest of the 
program. There are two ways to create a 


| - mS XC1430C 
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report. The quickest is to use the built-in 
table-style report that shows one record 
per row. Customized reports let you 
place fields wherever-you like on the re- 
port form. You can create free-form re- 
ports that combine data from several dif- 
ferent databases. 

Finally, you can also use custom report 
forms to create spreadsheet-style reports 
where you use calculated fields to auto- 
matically perform operations on the 
values you enter. You might, for exam- 
ple, set up a tax form in which you enter 
values into some fields, and Reflex plus 
automatically calculates the value of 
other fields from those values you enter. 

Formulas allow the inclusion of sum- 
mary fields in reports for such statistics 
as counts, sums, averages, minimums, 
maximums, and standard deviations. 
Nesting lets you create sophisticated re- 
parts that show hierarchies of records and 
that can use data-file links and the con- 
tents of other reports. Unlike Reflex, Re- 
flex Plus lets you sort on as many fields 
as you want, in any way you want. 

When Borland transformed Interlace 
into Reflex, one of the improvements was 
to build in support for nonstandard sizes 
of paper. When you use the Apple Image- 
writer—not the LaserWriter—you can 
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change the width and height of the paper 
on which Reflex Plus prints your docu- 
ments, This capability lets you use a 
broad variety of different sizes of paper, 
envelopes, and labels, Reflex Plus im- 
proves further on Reflex's report-print- 
ing capability by letting you select several 
fonts from those you have available, 
whereas Reflex lets you select only the 
first 16 fonts that appear in your fonts 
menu. 


Fast Performance 

I ran some benchmark tests comparing 
Reflex Plus version 1.0 to Double Helix 
II version 1.0, a well-known relational 
database manager for the Macintosh (see 
table 1). I ran the tests on a Macintosh 
512E that had been upgraded to 1 mega- 
byte of RAM with a Dove 524S MacSnap 
memory board and SCSI port upgrade. 
Attached to the SCSI port was a Super- 
Mac DataFrame 20 hard disk drive. 

The test file I used consisted of 
approximately 900 records with 10 fields 
of data, This file, originally created with 
Double Helix II, was tested first on Helix 
and then exported from that program as 
an ASCII text file and imported into Re- 
flex Plus. The importing process was 
straightforward and flawless. 
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With the first test, I searched for the 
last record in the database on a nonkey 
(Reflex Plus) or nonindexed (Double He- 
lix II) field. Then I ran a search on that 
same field for a nonexistent record—one 
that, if it did exist, would be at the end of 
the file. Double Helix II took about 14 
times as long as Reflex Plus to perform 
both tests. 

Finally, I indexed that field (Double 
Helix IT), or turned it from a nonkey into 
a key field (Reflex Plus). Here, Reflex 
Plus had a built-in advantage. Helix in- 
dexed the records permanently on disk, 
while Reflex Plus, which loaded all 900 
records into memory, only had to manip- 
ulate the order of records in RAM. How- 
ever, it took only a few seconds to save 
the reindexed Helix database. By con- 
trast, when I tried to quit Reflex Plus, it 
asked if [ wanted to save the changes. The 
only change was that I made a field into a 
key field. It took | minute to make that 
change on disk. At first Reflex Plus 
seemed slow, but it is still faster than He- 
lix with a database this size. 

What doesn't Reflex Plus do? Besides 
custom menus and dialog boxes, Reflex 
Plus still doesn't have graphic fields, 
macros, or a programming language. It is 
not a multiuser program and, probably 


VOUT 1 nanitur: 
subishi® brand 


Besides custom 
menus, Reflex Plus still 
doesn't have graphic 
fields, macros, or a 
programming language. 


for that reason, does not offer password 
security. However, if you can get by 
without these features, Reflex Plus is a 
fast, easy-to-use, highly visual, fully 
relational Macintosh database program 
that retails for about $200 less than its 
competition. M 
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COMPUTING AT CHAOS MANOR 


Transparent Conversions? 


It has been quite a month, what 
with getting Prince of Merce- 
naries finished, going off to 
New York to make speeches 
and confer with my editors 
about Wrath of God, keeping up 
with the columns, and so forth. 
Meanwhile, it's time for my annual pure- 
ly subjective awards for last year's most 
useful products. 

The New York trip was fun. Ed Your- 
don hosts an annual gathering for authors 
who write books for the Yourdon imprint 
at Prentice-Hall, and he wanted someone 
io talk about modern technology, writ- 
ing, and the future. The neat part was that 
he had some other speakers, so I learned 
a lot about publishing. 

I'd meant to have this column wrinen 
by now. J even set aside the whole week- 
end to get it done. Alas, the fates inter- 
vened. For my sins, I decided to translate 
a GWBASIC program into both Micro- 
soft QuickBASIC 4.0 and Borland Turbo 
BASIC before I started. That shouldn't 
have been hard, right? ] mean, the pro- 
gram ran fine in interpreted BASIC; how 
hard could it be to compile it? 

Hah. I soon learned, and if I never see 
another GOTO statement, it will be too 
soon. 


A Simple Job 

What happened was thal a couple of years 
ago we decided to turn Mrs. Pournelle's 
reading instruction system, which then 
existed as a series of paper workbooks, 
into a program for the IBM PC and 
compatibles. 

This was long enough ago that I was 
still very much a BASIC enthusiast. I had 
the notion that it ought to be a fairly sim- 
ple job, and that BASIC was the obvious 
choice of language. After all, once it was 
written, Roberta could learn enough 
BASIC to modify and maintain it, and | 
wouldn't be wired into the loop. We did 
an analysis of the program requirements, 
and it didn't look complicated; indeed, it 
all seemed pretty simple. 

Alas, time went by, and 1 never got a 


Hah! 


Jerry Pournelle 


QuickBASIC 4.0 vs. 


Turbo BASIC and “Jerry’s Choice” 


Awards for 1987 


chance to do the program, but people 
kept asking us about it. Clearly, some- 
thing had to be done. 

That was when we asked Bruce Tonkin 
of T.N.T. Software to help us. Bruce 
writes all! his software in BASIC and has 
done some amazing things with it. He's 
got a wide variety of products, all at low 
cost. His My Word! text editor competes 
in features and ease of use with some of 
the expensive ones, but it sells for less 
than $50. You can even buy the source 
code (in BASIC). It's always worth hav- 
ing Bruce's latest catalog. Anyway, 
Bruce took Roberta’s notions and her 
paper worksheets and turned them into à 
GWBASIC program that presented the 
lesson elements quite well. 

Just about then we got interested in the 
Atari ST, and Alex Leavens—"alexl." on 
BIX—did a C version that makes use of 
the GEM interface on that machine. No 
one had time to work on the IBM PC ver- 
sion until the Atari ST version was done: 
but just thís month the Atari version was 
finished. 

The PC version hadn't been com- 
pletely neglected. Our friend Joyce 
Jumper plugged away at it. In particular, 
she added a bunch of visuals clipped from 
the various Fontasy libraries. The Fon- 
tasy art folders have a wide variety of 
interesting sketches and drawings, rang- 
ing from people working to bundles of 
firecrackers going off. The visuals are 
mostly intended for printing by deskiop 
publishers, but they look fine on a PC 
screen. 

Joyce set things up so the program can 
use the illustrations as rewards when the 
students get things right. She also added a 
number of tunes that the machine will 
play. (Naturally, we set it up so nothing 
interesting happens if the pupils get 


things wrong: after all, you 
don't want them to make mis- 
takes jusl to see the error 
messages...) 

Meanwhile, Roberta had 
learned a lot from finishing off 
the Atari ST version of her pro- 
gram. No matter how much planning you 
do, when you actually get a program out 
there in testing, you'll find you've left out 
a number of things, and some of them, 
particularly in the user interface, will be 
important. 

Naturally, Roberta wanted to incorpo- 
rate her new features into the PC version. 
Unfortunately, interpretive BASIC isn't 
really ideal for as large and complex a 
program as this had become, Roberta is 
pretty new to programming, and this was 
just too much. 

There was also the problem of market- 
ing a program written in GWBASIC. Not 
everyone has BASIC. If your program is 
in interpreted BASIC, you have no choice 
but to distribute the source code. This 
may be no tragedy, but publishers don't 
see it that way. Also, GWHASIC can be 
pretty slow, It was clearly time to do 
something about it. 

At this point, I must have taken leave of 
my senses. “TII take care of it," I said. 
"Dll just translate the program into a 
compiled BASIC. Shouidn't take long.” 
Hah. 


Conversions 
I suppose I should have known beiter, but 
after all, the program was running fine on 
Atilla the Honey, Roberta's AT&T PC 
6300 Plus. It takes scads of files: as it's 
sel up at present, there are sore 55 les- 
sons, and each lesson has a lesson-text 
file, a banner file that contains an illus- 
iration used to begin the lesson, and a re- 
ward file with more illustrations. 
continued 
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Clearly, the files should be consoli- 
dated, but that's no great trick. Transfer- 
ring all those files took time, but that 
wasn't a problem either. Eventually, 
everything, including the ASCII] GW- 
BASIC source code, was on one high- 
density floppy disk, and I was ready to 
get started. 

The next step went well, too. I copied 
all those files onto Fast Kat, the Kaypro 
386, brought up Turbo BASIC, imported 
the GWBASIC source code, and told 
Turbo BASIC to begin compiling. There 
was one error, a missing REMARK symbol. 
Turbo BASIC'"s integrated editor dropped 
me out precisely where the error was. In 
seconds that was fixed, and in less than a 
minute, the program had compiled just 
fine. Turbo BASIC compiles fast. 

Running it was a different matter. The 
program started fine, but then it left out 
great hunks of the lessons. There weren't 
any reward illustrations, nor any tunes 
played. When the first lesson was done, it 
told me ['d completed the entire reading 
program. Clearly, there were a few more 
problems than I'd anticipated. Still, this 
couldn't take long. After all, I started 
with n working program. 


Terminate the GOTO 

The first thing was to get inside the pro- 
gram. It couldn't be too hard to under- 
stand, because the progrum itself is sim- 
ple: it puts up text on the screen to be read 
by the instructor (who can be any literate 
person); then it puts up simple exercises 
for the student who's trying to learn to 
read; and, depending on the student's 
answers, it gives more instructions and 
more exercises, That shouldn't be too 
hard to follow.... 


Alas, I'd reckoned without the GOTO 
statement. 

Back when I first began writing this 
column, we had a considerable debate 
about GOTO; should the statement exist in 
modern computer languages? T took the 
view that it wasn't inherently bad and 
sometimes was the cleanest way out of a 
complex nest of conditionals and loops. 
These were times not so long after 
Fdsger Dijkstra wrote his now famous 
piece, “GOTO Seen Harmful.” and the 
craze for structured programming began. 
I believed in top-down structure, but | 
wasn't ready to give up GOTO. 

[ am now. Bruce Tonkin is probably as 
good a BASIC programmer as there is to- 
day, and the code he wrote works flaw- 
lessly in interpreted BASIC. He provides 
plenty of comments. Even so, I found it 
nearly impossible to follow the program 
flow without making extensive flow- 
charts and diagrams. Every time I 
thought I'd found a program thread, I'd 
come across something like the code in 
listing 1. 

Incidentally, line 10070 was the one 
that caused the only compiler glitch: it 
needed a ' after the last colon and before 
TEACHER'S TEXT. Anyway, there were 
dozens of statements terminating in GOTO. 
It was clear they were part of the lesson 
parsing system, and if I looked at the code 
long enough, I could sort of see what was 
going on; but it wasn't easy. 

It was also clear that this was the block 
where the program was going wrong. For 
some reason, Turbo BASIC was taking 
those instructions and doing something 
entirely different from what interpreted 
GWBASIC was doing. 

There were also statements like 54140 


Listing 1: The section of the GWBASIC code where the conversion problem 
was discovered. 


18840 IP FLAG=1 THEN GOSUB 54088:BOXe7:GOSUB 52888:GOTO 
118880:'5CREEN COMMAND 

18868 IF FLAG=0 OR FLAGe9 THEN GOSUB 541688:GOTO 11888 

18878 IF PLAG«5 THEM BOX=2:LSET SMALLS (LINE.COUNT) :GOSUB 
54300:GOTO 118880;TEACHER'S TEXT 

18886 IF FLAG=4 THEN X-1:WHILE X<LEN (S$ (LINE.COUNT}) :GOSUB 
51808:WEND:GOTO 11088 


Listing 2; An example of an TF. . . THEN. . . ELSE statement rewritten for 


Turbo BASIC. 


54148 IF ANSWERS = CHRS(8)4+CHRS (684) THEN 


RETURN 


ELSE 
BOX = 7 
GOSUB 52888 
END IF 
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IF ANSWERS = CHR$(O)-CHRS(80] 
THEN RETURN: ELSE BOX = 7:G0SUB 
52000. The Turbo BASIC manual says 
that's illegal. To be exact, it says: "The 
following statement will not compile: IF 
a< b THEN c = d: ELSEe =f.” 

That's all well and good, but 54140 
didn't upset the compiler at all. That was 
a bit frightening. If it wasn't even sup- 
posed to compile, there was a good 
chance that the program wasn't doing 
anything like what l wanted it to do. Time 
to see. T turned on Trace. 

The result was a disaster, Our program 
draws things on the screen. Trace tries to 
put numbers and messages on the screen 
while the program is running. The result 
was a colossal mess: our data and Trace's 
statement numbers all mixed together. I 
didn’t learn a thing. 

All right, time to do some rewriting. [n 
particular, the code in listing 2 not only 
will compile, but it will accomplish what 
the interpreter does with the original 
statement. It's also a lot easier to read. I 
used the Turbo BASIC editor 10 find 
every instance of ELSE and rewrote each 
of those statements, There were a lot of 
them. 

When | was done restructuring the 
ELSE statements, the program worked 
better, but it still did very odd things. By 
then, I was about out of time. Then I re- 
membered something. I'd recently re- 
ceived a production copy of Microsoft 
QuickBASIC 4.0 to replace the beta-test 
copies. If anything would compile a 
Microsoft BASIC program, it ought to be 
a Microsoft BASIC compiler. The only 
reason I hadn't used it in the first place 
was that Turbo BASIC was already on my 
hard disk. I'd have to install QuickBASIC 
4.0 eventually; why not now? 


QuickBASIC 4.0 

Microsoft QuickBASIC 4.0 (which [ll 
call QB4 from here on) comes with a Jor 
of files and libraries and such, and the 
program necds access to all of them. Put- 
ting all that stuff in one subdirectory 
makes intolerable clutter: it's better to 
break things up into a number of subdi- 
rectories. 

Turbo BASIC has a configuration op- 
Lion that makes it easy to tel] the program 
where to find the auxiliary files it needs. 
Alas, QB4 doesn't have that feature. You 
have to put the locations of your libraries 
and such in the PATH, aad changing the 
PATH requires editing AUTOEXEC.BAT. 
When I did that, I discovered that my 
PATH command was now longer than a 
logical line, so I had to find things to 
eliminate from it. There were more an- 
noyances like that, but eventually 1 had 
(B4 installed. 


continued 
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Listing 3: The final working version of the IP statement. 


18878 IF FLAG=5 THEN 
BOXe2 


' THIS IS TEACHER"S TEXT 


LSET SMALL$ (LINE.COUNT] 


GDSUR 54388 


GOTO 11888 ' 11868 is SCREEN command 


END If 


First thing, then, was to feed in the 
original program that ran under GW- 
BASIC. It wouldn't compile. QB4 kept 
telling me [ had a duplicate definition of a 
variable named TEACHER. This made so 
little sense | wanted to sit down and cry. 
The program doesn't have a variable 
named TEACHER. There was a TEACHERS, 
bul... 

Then I remembered something. Turbo 
BASIC wouldn't compile the program 
because it expected a remark delimiter: 
suppose QB4 saw things differently? 
Looking up variables in the QB4 docu- 
ments index, I discovered that the $ at the 
end of the variable isn't part of its name; 
in other words, QB4 won't permit you to 
have both TEACHER and TEACHERS as two 
different variables, and il was interpret- 
ing that TEACHER in 10070 (listing 1) as 
some kind of variable reference, prob- 
ably a function call. Putting the REM de- 
limiter in the appropriate place cured that 
problem, and the program compiled just 
fine. 

When I ran the program under QB4, I 
got exactly the same errors I'd gotten 
with Turbo BASIC. The same parts of the 
lessons were omitted, no tunes were ever 
played, and the same garble appeared in 
the same place on the screen. 

Since the two programs were reacting 
in the same way, it seemed reasonable to 
feed QB4 the new source code as I'd 
modified it for Turbo BASIC. Not only 
did that compile without a glitch, proving 
that Turbo BASIC and QB4 use pretty 
much the same syntax, but when J ran it I 
gol the same result: the cleaned-up code 
ran better, but there were still plenty of 
érrors. 

By then, two things had happened: I'd 
used up a whole day, and l had the suspi- 
cion that both Turbo BASIC and QB4 
were interpreting single-line IF siate- 
ments one way, and Microsoft BASIC 
was interpreting them in another. The 
way to prove that was with Trace. I hadn't 
read anything about QB4 Trace, so I 
didn't expect much, but it couldn't hurt 
to try. 

Now That's a Trace! 
QB4's Trace doesn't work anything like 
Turbo's, or for that matter, BASIC 
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Trace. When Traee is on, QB4 swallows 
the program screen and flickers to the 
edit screen, where it highlights the state- 
ment now being executed. If there's new 
output to the program screen. it toggles 
back there. 

The whole thing goes in slow motion, 
so thal if you've got big loops, it can take 
forever, but the simple answer to that is to 
put TROFF (Trace Off) and TRON (Trace 
On) statements around places that you're 
sure work properly. Alas, in my case, 
there were so many GOTO statements scat- 
tered throughout the code that this was 
nearly impossible, so [ was forced to sit 
there and watch the program draw lines 
and boxes a character at a time. The effort 
was worthwhile, though; in an hour, ! 
had figured out what was wrong. 

It was indeed those IF statements. 
There was no quick fix: I'd have to do 
some editing. A couple of hours later, it 
was done. All the IF statements had been 
broken up to look like those in listing 3, 
which, if nothing eise, are a lot easier for 
humans to read, It seems to be easier for 
the compiler, too: once I'd done that, the 
program ran fine. 

There were a couple of bugs I didn't 
much care for, but when I told Roberta 
about them, she said they were in the in- 
terpreted version, too. | spent a couple of 
hours cleaning them up. When I was 
done, the program ran better than it ever 
had; and now that it's ail laid out in pretty 
print, it won't be so hard to change. 
There are still blocks of GOTO spaghetti, 
but I was able to convert some of those 
blacks into subroutines and replace 
others with functions. After a while, the 
code looked pretty clean. 

Once I got the program running in 
QB4, I fed the code back to Turbo 
BASIC. OB4 and Turbo BASIC use the 
same syntax for subroutines, so those 
were not a problem. Functions are han- 
dled in about the same way, but the syn- 
tax used to define them is different; it 
took a few minutes to make the conver- 
sions. After that, the program ran fine ín 
both Turbo BASIC and QBa4, 

The moral of the story is simple: it may 
be efficient to pack lots of statements on 
each line, and certainly that saves mem- 
ory; but it's not good practice, Neither is 


extensive use of GOTO statements, even 
when you're using them to structure the 
code. Edsger Dijkstra was right. GOTO is 
harmful. 


The Great Compiler War 
Competition is a wonderful thing. For 
years, Microsoft didn’t have a BASIC 
compiler. The only real competition was 
CBASIC, which “compiled” to a kind of 
p-code and interpreted that. Then Gor- 
don Eubanks began developing a true 
compiler for CBASIC, and shortly there- 
after Microsoft announced BASCOM. 

BASCOM went through a couple of 
unprovement cycles, nonc spectacular, 
and emerged as QuickBASIC 2.0. QB2 
wasn't as good as compiled CBASIC, but 
it wasn't bad, and it did have the merit of 
letting you develop programs in inter- 
preted BASIC before compiling them. 
Compiled CBASIC could have given 
BASCOM/QB2 some real competition. 
but it was about then that Digital Re- 
search went into a funk and let all its lan- 
guages languish, suffer, and darned near 
die. 

Then Borland began development of 
Turbo BASIC. The word was that it 
would have an integral editor (as all Bor- 
land language products do) and a lot of 
other features that QB2 didn't have. 

Microsoft's response was interesting: 
The company pul not one, but two teams 
of first-class programmers on the job. 
Team One was told to develop the best 
BASIC compiler they knew how to write. 

Team Two had an unenviable assign- 
ment: come up with enough kludges to 
QB2 to let Microsoft hold some kind of 
defensive position when Turbo BASIC 
came out. It seems clear to me that 
Microsoft was afraid Turbo BASIC 
would do to BASIC what Turbo Pascal 
has done to Pascal: dominate the markei 
so thoroughly that the BASIC compiler 
Team One was developing wouldn't have 
a chance. 

Team Two finished QB3 just about the 
same time that Borland was able to ship 
Turbo BASIC; and while QB3 was, at 
bottom, a kludge, it wasn't all that bad a 
kludge. [t didn't have al] the features of 
Turbo BASIC, but it did have an integral 
editor, and overall it was good enough to 
keep Microsoft in the ball game. 

As it happens, Team One finished 
soaner than anyone had expected, so that 
QB4 followed close on the heels of QB3, 
close enough that it looked like it might 
be no more than an improved (B3; but 
that wasn't the case. Microsoft OBA is an 
entirely new and different product, writ- 
ten by a different team, and has very little 
to do with OB3. 

It does fix most of QB3's mistakes. As 
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an example, whereas QB3 had an entirely 
different version to compile programs for 
systems with math chips, QB4 simply 
uses the math chip if it’s available and 
otherwise does without. 

More importantly, QB4 has many fea- 
tures QD3 didn't attempt. QB4 supports 
recursion. [t can handle modular compi- 
lation: you don't have to recompile every- 
thing every time. It has good data struc- 
tures, including records. 

Probably the most spectacular new 
features are the debugging routines. 
QB4's Trace is enormously powerful. 


CHAOS MANOR 


You can stop the program, make minor 
changes, and resume it. If you try io 
make too many changes, the program 
warns you that you'll have to recompile 
and start over, but it gives you a chance to 
abort the changes. 

You can set multiple breakpoints to 
temporarily stop the program. There's a 
History routine that preserves informa- 
tion about where the program had been 
before it was stopped. There's a Watch 
Window, where you can observe the 
changing values of specified variables. 
All told, the OB4 debugging tools are the 
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most powerful I've ever seen for any 
BASIC. 

The other fundamental difference is 
that QB4 ‘compiles’ the code as you 
write it. Of course, you have to write it 
within the OB4 editor to get that feature, 
bur that's no great hardship: the editor is 
well-designed and, unlike the Borland 
editor, works with a mouse (my Logitech 
Mouse worked fine). 

If you really want to use your own pro- 
gramming editor, QB4 will compile the 
program as it reads it in—although if my 
experience with the "duplicate defini- 
tion" is any indication, it isn't all that 
good at locating syntax errors. If you use 
the QB4 environment to write your code, 
you won't get any syntax errors: QB4 
parses each line before "compiling" it. 

This isn't true compilation: what QB4 
is doing is translating your code into a 
Forth-like threaded code, not assembly 
language. The resulting threaded code 
isn't as fast as true compiled code, but it 
has the great merit of being easily traced. 
When you're finished with the program, 
you do an entirely different operation that 
produces rea] assembly language code, 
so that you end up with a stand-alone 
program. 

QB4 really is a new product, writien 
from scratch. There are inevitable bugs, 
which I have no doubt that Microsoft will 
correct; [expect QB4,1 by spring. So far, 
[ haven't encountered any serious bugs, 
but I've heard of some. 

]t mildly bothers rne that the "com- 
piler" that produces memory code isn't 
the same as the compiler that produces 
the final product you'l] eventually run, 
and I wonder if there are any hidden traps 
there. After all, I have good reason to 
know that just because a program will 
compile, that's no proof that it will do 
what you want it to. On the other hand, it 
docsn't bother me enough to keep me 
from using OB4. 

T haven't done any tests on the final 
output of QB4 versus Turbo BASIC. The 
fact is that I have both compilers, and 
once I’ve developed Roberta's program, 
lU try it with both; their syntaxes are suf- 
ficiently close to make that simple. Then 
[ll test them and see which is fastest, has 
the smallest code, and so forth. Which- 
ever produces the best final code, 
though, there's no contest about which is 
the best programming environment. 


Microsoft wins that hands down because 
of the debugging tools. OB4 is a serious 
language, quite good enough to develop 
any program you like, 

At the moment, then, Microsoft is 
winning the BASIC battle in the Com- 
piler War. l'd recommend that serious 
BASIC programmers get both compilers. 
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Compilation and development speed mean aio! ë e em like rommable, reentrant code and licensing 
when you're working on à large program: every pec of our source code. 
minute you have Io woil is time and money wasted. Janus/ Ada is designed to make your embedded 
A Janus/ Ada compiler has an average compila- processing easy .. with features especially 
lion speed of 400 lines per minute with a 6 MHZ created for that environment, Qut code is rom- 
8086; over 500 lines per minute with an 80186. mable, allowing you lo "burn in" the applications 
1100+ lines per minute on an 8 MHZ 80286, and you create. We make our source code availatie in 
nearly 1900 lines per minute on PC Limiteds 386. our Systems Package ("S" Pak), so you dont have to 

guess at the answer. If you would prefer to have us 

2. We work on any XXX86 machine. design and implement your code, we'll be more 
Nol everybody can afford Ihe newest technology than happy to accommodaie. 
and some of us cant afford the name brands... 
but with Janus/Ada, that doesnt matter, II doesnt 7. Superior error handling. 
need protected mode, 8087's, or PC-DOS. As long Saas Nothing is more frustrating than an error in coding 
as you have an Intel 80X86 chip af the heart of your — amm ... except a bad error message which does 
computer and some way to run or emulate MS-DOS nothing except confuse you. Our error messages 
2.1 or higher, you can use Janusi Ado. tell you vital information, such as line location. 

cause of error and a full walkbock including sub- 

J. Our product has been in use for over six years. program names. If you do a lol of development, or 
We released our first compiler in 1284 and got our you just appreciate being fully informed, our error 
first review in 1982. The products we seli have had messages are sure [o please! 


the scrutiny of customers and reviewers for over six 
yeors, changing to meet the increased sophistica- 
tion of the technology and the user. Our customers 
come from every segment of ine computing com- 
munity; the government, Fortune 50D, and acode- 


Support that won't let you down. 

Superior support services, such as the Janusi Ada 
bulletin board, the Janus/ Ada BIX conference. a 
quarterly newsletter, as well as customized support 


mia. Users like yourself are able io benefit from the services. 
, ! i . Qur compiler was developed on a miera, 
well as the built-in network of people working with lur à micro, in Adie. 
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Our products come to you free of any form of copy piler was developed on multiple XXX86 machines, 
protection and with a warranty insuring media from different manufacturers, 5o that it would be a 
replacement for defective media. We know you true microcomputer compiler. Our products are 
dont need the hassle of locking devices and other ' developed in Ada, demonstrating our commitment 
protective devices. We know you want to use Janus/ to the language and the capabilities it can bring 
Ada on your hard disk and network, and we make iO you. 
it easy to install, easy to maintain, and easy ta use. MESE 10. Sell paced, low cost educational tutorials 

5, Application programs written in Ada = = The Janus/Ada Extended Tutorial offers a program- 
for as iow as $12.00. P gi mer's perspective on learning Ada. This tutorial was 
We offer IBM graphic routines, window handlers, written expressly for novices in the Ada language. 
scientific libraries and many other application pro- by à programmer and includes a complete set of 
grams written in Ada. These programs come with disk based quizzes to compliment the 150 page 
complete source code and documentation and tutorial. You can determine how quickly you pace 
ore user tested. yourself, and you wori believe you did it for $99 95. 
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CHAOS MANOR 


Zenith's FTM monitor 
can be tuned so 

that the screen is 
absolutely black. 


Borland Turbo BASIC is neat, a solid 
product well worth the price. Microsoft 
QB4 is that and more. It's a spectacular im- 
provement not only on QB3, but also on 
BASIC in general. Highly recommended. 


It's Flat! 

I don't suppose anyone is happy with 
CGA. Everyone wams higher resolution 
and better graphics. Now we have several 
ways to get them. 

The opening move was made by NEC 
when that company brought oul the 
MultiSync, a monitor that works on any- 
thing from simple monochrome to the 
Professional Graphics Controller (PGC). 
| ve had one of those attached to the 
Golem, the huge CompuPro system that 
practically runs Chaos Manor, for several 
years now, and it has given me yeoman 
service. It's also the test monitor when 
we get new video boards. 

After the MultiSync came others, and 
for a while it looked as if multiple-sweep- 
frequency monitors were the wave of the 
future as more and more programs were 
written for the EGA standard. 

Then Orchid, and later Zenith, came 
up with a new philosophy: instead of put- 
ting the smarts in the monitor, put them 
in the video board. That way you can get 
the best monitor you can afford, add a 
multiple-choice video board, and run 
programs that output monochrome, 
CGA, EGA, and PGC all on the same 
system without hassles. 

Orchid chose to let its TurboPGA 
board run with any muttipte-sweep-fre- 
quency monitor. 

Zenith, long one of the industry lead- 
ers in monitor technology, had another 
approach. The company designed its 
board to rua with its flat tension mask 
(FTM) monitor and made that monitor 
run on 31.5-kHz analog signals, while 
the board can digest anything from mono- 
chrome through VGA. 

The result is pretty spectacular. The 
FTM monitor can be tuned so that the 
screen is absolutely black. Colors are just 
gorgeous; they really stand out ayainst 
that black background. 

Everyone who's come upstairs since I 
set up the FTM monitor with the Z-449 
video board has been impressed. The 
colors are really striking. Oddly enough, 
though, most think the screen is concave. 


That's an illusion: it really is flat, bur 
we're SO used to convex screens that 
bolge out at us that at first the ZCM-1490 
FTM monitor really does appear con- 
cave. The illusion vanishes after you 
work with it awhile. 

The ZCM-14906 has a 14-inch screen, 
but the images are so crisp that it appears 
bigger. It is certainly good enough to sit 
and work at all day. Larry Niven is about 
to buy a new computer system—T' ve rec- 
ommended the new Zenith Z-386—and 
he very much likes my Electrohome 
Color Display ECM 19 (19-inch multi- 
ple-sync monitor). Before I let him spend 
the money, though, I'm going to have 
him look at the ZCM-1490. He may get 
the Electrohome monitor anyway. but 
then, he ean afford it. 

The highest resolution from the Zenith 
Z-449 video board isn't as sharp as the 
best from the Orchid TurboPGA, but it's 
close. 

I had the traditional problems with the 
Zenith manuals, trying to figure out the 
switch settings; the board didn't come 
with the right defaults, and when 1 first 
powered things up, it wouldn't automati- 
cally switch from EGA to CGA, so that 
CGA was squished into two images on the 
screen. Fifteen minutes spelunking the 
Z-449 manual fixed that, and now every- 
thing works fine. 

There is one problem with the ZCM- 
1490 monitor: it doesn't have a degauss- 
ing button. Both my Electrohome and 
Intecolor high-resolution monitors have 
that feature, and the ZCM- 1490 needs it. 

If you leave the monitor on long 
enough. especially in an electronically 
noisy environment (such as next to the Z- 
248 with its cover off), ugly patches in in- 
appropriate colors appear on-screen. 
They're easily removed by turning tbc 
monitor (but not the computer) off for 30 
scconds to a minute. This won't happen 
more than once a day. Degaussing takes 
about !0 seconds on my other monitors, 
so the time loss isn't significant; but I do 
wish Zenith had put the degaussing fea- 
ture into the monitor. 

Other than that, I love it. So wall you, 
when you get used to having a screen that 
looks concave. 


The Year's Most Useful 
It's time for my annual! awards. Do 
understand: these are purely subjective, 
and they're from Pournelle, not from 
BYTE. The ground rules are simple: 
something I acquired this year (no matter 
when it first came out), used a lot, and 
found to he the most useful thing in its 
class. 

First, the Year's Most Useful Com- 
puter: the Kaypro 386 wins by a land- 
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How to get a top quality, U.S. made 


When you choose a Proteus, you get a 
lot more than just high performance at a low 
price. You get personal service that helps 
you custom tailor a system which is just right 
for your specific applications from our large 
stock of brand name hard disks, graphics 
boards monitors and other add-ons, 


Easy Setup 

When you get your new Proteus system 
you can have it up and running in no time. 
No need to spend hours, or even days, to 
gel it to work. It comes with clearly written, 
easy to follow manuals, and on some models 
you even get built-in, ROM based, menu 
driven set-up, diagnostic, and utility soft- 
ware, 


Money Back Guarantee 

We're determined that you will be fully 
satisified with your purchase. Use the system 
for a while, and if you don't like it, or any 
part, simply return it for a full refund - any 
time during the first thirty days. 


15 Month Warranty 
Everything you buy from us is backed 
by a full fifteen month warranty. 


Service Wherever 
and Whenever You Need It. 
In the rare case that something goes 
wrong with your Proteus system while it is 
still under warranty, we provide free repair 
at your location during the crucial first two 
months. No need ever to pack it up and ship 


Chasse a "Proteds. 


IBM compatible without spending a bundle... 


it anywhere. If the unit has exceeded the In a recent AT compatible product com- 
warranty period, you can still get factory parison, In/oworld (4/87) stated "for oper. 
authorized service, on site, at reasonable all best machine in power, the Proteus 286e 
rates. is the clear winner. It offered the best CPU 
and hard disk random read/write perform. 
ance of any machines tested. is remarkably 
easy fo set up, and boasts the best support 
around. We recommend it." 


Problems at 3 a.m.? 
You may he able to solve them yourself 
with our unique 24-hour on-line interactive 


support system, which is always free of EDITOR'S CHOICE 
charge. “a There are so many nice aspects tà 
Proteus and the company that makes id, 
There are many reasons for owning a there isn't room to cover tern all" 
Proteus. The experts think so too. Business Computer Diges! (3587) 
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Even More Power & Flexibility 
BRIEF 2.0 


BRIEF easily canforms to your editing preferences and style, 
ensuring you are truly comfortable and productive. 

Straight from the box, BRIEF ts as much editor as most people 
will ever need — thanks to features like the real Undo, flexible 
windowing, and unlimited file size. 

But BRIEF's hidden power is in its exclusive macro language. 
Customize BRIEF to include the commands and features YOU 
desire. It's fast and easy. 

Users and industry press alike unanimously praise BRIEF. 
"Recommended." — Jerry Pournelle, Byte 12/86. 


ow BRIEF 2.0 adds: 


€ Setup Program [or casy installation and vonfiguration. (Requires no macro knowledge). 


è All new documentation WITH tutorial on the Macro Language. 

e Command line editing (move cursor, add & delete characters, specify parameters). 
è Expanded Regular Expressions, with matching over line boundaries. 

& More block types, with marking by character, line or column. 

€ Reconfigurable indenting for C files (supports most indenting styles) 

@ Enhanced large display support, including wider displays. 

9 Optional burderless windows. 


- Edit many files 
at once. 


- File size limited only 


by disk space. 
- Automatic TL ima Try BRIEF ($195) for 30 days — if not satisfied get a full refund. 
sensitive indentation, ^ 
Call fi at fo. 
- EGA and Hercules Plus 43-line If you already own BRIEF. call for update info 
support 


- Compile & find errors within BRIEF. 


CALL 800-821-2492 G olyti 
In MA 617-337-6963 ystems 


$41 Main Street, Suite 4 1DB 
So Weymouth, MA 02 190 


And much, much more! 


Requires an IBM PC, AT or compatibile 
with 192K 


m Hire a Pro for 
Your New Turbo 4.0 


qun on the power of Turbo PROFESSIONAL 4.0, a library of more 
than. 300 state-of-the-art routines optimized for Turbo Pascal 4.0. 
You'll have professional quality programs finished faster and easier. 
Turbo PROFESSIONAL. 4.0 includes complete source code, 
comprehensive documentation and demo programs that 
are powerful and usefui. The routines include: 


* Pop-up resident routines 
| » BCD arithmetic 
| . Virtual windows and menus 


| * EMS and ded “Ces 
ee Messe, 7. /. Lon aie ELA e pcm. UCCESS 
ee | . g Strings, large arrays, macros, 

Kien s e and much more. 


Turbo PROFESSIONAL is anly $99. 


Call toll free for credi curd orders. 


1-800-538-8157 extension 830 
1-800-672-3470 extension 430 in CA 


Pur ther informal call itd 35-0, 
FAM tO S PM PS). Shippmg & tas 


Turba Pascal 4.0 ja required Registered 
wanen ef Turbo Profevaunal bry Sunny 
Hi Sofreure may upgrade for $M), prepaid ior US and Canadian customers, 


?! u33% 
[ciue vosr serrad namber aihen please mki $i per ncm uc am 


TurboPower Software 4109 Scotts Valley Dr.. Suite 122 Scotts Valley, CA 95066 
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a increased speed for sophisticated operations like Undo and Regular Expression Search. | 


Satisfaction Guaranteed or your money back withuy 30 days. 


Circle 269 on Header Service Card 


CHAOS MANOR 


slide. It isn't that the Kaypro is all that 
much better than other 386 machines; in- 
deed, Kaypro has completely upgraded 
its 386 line so that the Kaypro 386 you 
can buy now is much better than the one T 
have. The important thing, though, is the 
386, which is to the 286 what the 286 is to 
a CP/M 64K-byte 8080 system. I'm very 
fond of my Zenith Z-248, which is as 
good an AT system as I know of; but it 
can't match a 386 for utility. Fortunately 
for Z-248 owners, Zenith recently an- 
nounced a 386 upgrade kit. 

One reason 386s are so superior is 
DESQview 2.01, which wins my award 
for the Most Useful Software of the Year. 
DESQview will greatly improve a 286 
machine provided that you have an AST 
RAMpage AT board; but the rea! im- 
provement comes when you run DESQ- 
view with a 386. DESQview and the Kay- 
pro 386 haven't quite solved all my 
problems—I still want more memory-res- 
ident programs than the system wil] han- 
dle—but it beats everything else I"ve 
tried, and I've tried a lot of things. Learn- 
ing DESQview is no trivial task, but it 
has been a lot more than worth it to me. It 
doesn't hurt that the people at Quarter- 
deck pay a lot of attention to bug reports 
and fix things fast. 

The Most Useful Portable is the Zenith 
Z-183 with hard disk drive, and although 
at 154% pounds it’s too heavy by half, I 
wouldn't be without it. The supertwist 
backlit screen is readable in any light, the 
machine is rugged as all get-out, and the 
keyboard is wonderful; I've written a 
couple of hundred thousand words on that 
machine this year. I showed the machine 
io my friend Norman Spinrad, and he de- 
cided to get onc to serve as his only com- 
puter. The Z-183 has EGA video output 
he's feeding into a Zenith EGA monitor, 
and he got a DataDesk Turbo-101 (10i- 
key} keyboard: there's an input jack for 
that on the Z-183. 

I don't know what the category is, but 
DataDesk keyboards have been about as 
useful as anything I've gotten this year. I 
now have Turbo-10] keyboards on just 
about every machine in the house—in- 
cluding the Macintosh Plus. The Mac 
version of the Turbo-10] comes with 
some nifty software to define function 
keys and the like. I’ve had several people 
do double takes when they see what looks 
like an AT keyboard attached to my Mac, 
and the notion of function keys on a Mac 
startles just about everyone. 

The Most Useful Software for Porta- 
bles is LapLink, which transfers pro- 
grams from desktop to portables and 
back. It's painless and extremely fast, 
aud if you have a PCompatible portable, 
you simply can't afford to be without it. 
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IDEAS TRANSLATE 


LIKE YOU IMAGINE 


IYPESEI& 


in the 


same[? 


DI 


Great ideas should look great on paper. 


And the translation is casy with PETEX®: 


the best-selling full implementation of 
Prof. D. Knuth's revolutionary TEX 


formatling/typesetting program. it offers 
PC users the capabilites & advantages— 


and looks—of professional typesetting. 

In a word, P°TEX gives you 
‘control’. Controi—of design format, 
typc & symbols, quality—for complex 
mathematical & engineering material, 
statistical tables or straight matter. You 
get camera/publisher-ready manuscripts 
to be proud of, quick & simple. 

So whether you're writing the next 
starshot manual, a thesis on relativity 
or the great American novel, for a 
professional presentation that doesn’t 
lose your ideas in the translation, 
depend on P*TEX. 


From Personal TEX, Inc., 
starting al $249; VISA/MC welcome. 
Satisfaction guaranteed. 


LENENENSISEENE! 


< 


WIDE 
e OR * NARROW 
LI & H 1 


BOLD.: 


pc 


WITH 


PERSONAL 


'. 


INC 


"To order or for information, call: 
415/388-8853 


or write: Personal TEX, Inc. 
1? Madrona Avenue 
Mill Valley, CA 94941. USA 


I»istributed in 14 countries; 
distributor inquines selecme 


De fEX s a reyiitered V3 u Personal DX, bnc 
TEN p an Ametican Mathematical Society TM 
Moaftulacturers’ product names are iheir Dhla 


MANUALS, 
FORMULAS & Ff 


FormAT|:| difFerEnl 


ONES 


IT’S NICE TO KNOW 


WON'T 
"LI mir TOUR 


IMAGINATION. 


PCTEX FORMATTING/TYPESETTING SYSTEM: 


FINE TYPESET QUALITY from det matrix of laser printers, 
of pholorypesetters 


A COMPLETE PRODUCT. Includes e our specialty wii 
ten PCTEX Manual thal els you use TEX medaately e custom 
macro package forniats for lettere, manuals, technical dac- 
uments, atc e tne Lalex document preparation system. iwdti 
user s Manat) macro package tor article, book repori prepara- 
on æ AMS-TEX, developed by ihe Amerrcan Mathematical So 
ciety for protessiaat mathematical worsening 


OUTPUT DEVICE DRIVERS ly * Epson FX, Li) 
e Toshiba » Cordata LP-300 Sanes e HP LaserJer Senes 
s AppleLaserWile! e APS-5 phnotorypesetler e Linotianic e 


Compugrapc € Screen preview, with EGA of Hercules cand 


REQUIRES: IBM PC/XT, AT or compatible, DOS 20 or fughet 
& 512% RAM hatd disk for printer divers & tónts 


(Also avarabie Prnter drivers, interfaces to Bastieam Fontware. 
Metatont, tu design-yaur-aum-nypa, PC Painthrush PC Palette 
FancyFont & Forde Compete packages ioludinmg laser pinter 
pointer der PCIEX and screen previewer trom $2850 Site 
licenses and volume discounts available ) 


Thre ad r$ typeset & composed using EC TEX Bitstream' fonts & laser ponte Logotype & black backgrounris dona photagraphicalty 
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ENCLOSURES 
POWER SUPPLIES 


for FLOPPY 
WINCHESTER 
TAPE DRIVES 


from $400 


tor SINGLE 
BOARD COMPUTERS 


from $125 


tor IBM & S-400 
SYSTEMS rom $200 


*4 patg, prices lower in quaniity 
(Disk divès not melit) 


Cail or write for free catalog 


8620 Roosevelt Ave. © Visalla, CA 93291 
209/651-1203 
TELEX 540604 2830 (INTEGRAND UD) 


guid duh mene Metre eet Rabat 
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Items Discussed 


Color Display ECM 1910 
Electrohome Ltd. 

809 Wellington St. N 
Kitchener, Ontario 
Canada N2G 4]6 

(519) 744-7111 

Inquiry 901. 


$2795 


Co, inces 

Prosoft 

7248 Bellaire Ave. 

P.O. Box 560 

North Hollywood, CA 91603-0560 
(800) 824-7888 

(818) 765-4444 

Inquiry 902. 


Megatrend 
EGA version ,.................. $1895 
Intecolor Corp. 
225 Technology Park 
Norcross, GA 30092 
(404) 449-5961 
Inquiry 903. 


Computer Products Division 
1255 Michael Dr. 

Wood Dale, IL 60191 

(800) 323-1728 

(312) 860-9500 

Inquiry 904. 


The Most Useful Writer's Tool is the 
Amdek Laserdrive/Microsoft Bookshelf 
CD-ROM package. Putting all those ref- 
erence works on a single CD-ROM was a 
stroke of genius. I predict that within 5 
years, professional writers will find 
Microsoft Bookshelf—or a similar CD- 
ROM reference library —as indispensable 
as we now find word processors. 

Probably the most subjective award of 
the lot is the Text Editor of the Year. Writ- 
ers don't just use editor programs, they 
have relationships with them. I've cer- 
tainly had my ups and downs with mine; 
bul the winner this year is Q&A Write, 
which, despite its faults, is the most 
transparent editor for text creation I've 
tried. Xy Write III Plus, WordPerfect 4.2, 
and Microsoft Word 4.0 are close com- 
petitors, and each has features that put it 
ahead of Q&A Write in some areas; but 
on balance I found Q&A Write clearly 
ahead in the critical particulars. 


My Word! ............ eese $49 
T.N.T. Software Inc. 

34069 Hainesville Rd. 

Round Lake, IL 60073 

(312) 223-0832 

Inquiry 905. 


QuickBASIC 4.0 .................... 
Microsoft Carp. 

16011 Northeast 36th Way 

P.O. Box 97017 

Redmond, WA 98073-9717 

(800) 426-9400 

(206) 882-8080 

Inquiry 906, 


Borland International 
4585 Scotts Valley Dr. 
Scotts Valley, CA 95066 
(408) 438-8400 


Orchid Technology 
45365 Northport Loop W 
Fremont, CA 94538 
(415) 490-8586 

Inquiry 908. 


Zenith Data Systems 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(312) 699-4800 
Inquiry 909. 


Fair warning: Gordon Eubanks and 
Brett Walters of Symantec have been ex- 
tremely responsive to my suggestions, so 
that in part Q&A Write has been modi- 
fied to suit my fancies. They've added a 
splendid word/line/paragraph count 
command, they're changing some of the 
print features, and they're doing some 
other stuff I wanted, including making it 
work well with Microsoft Bookshelf. It 
would be surprising if I didn't consider 
this my favorite text editor. 

Ány serious computer user needs not 
only a text-creation editor, but a pro- 
gramming and general-purpose editor: 
something to use to alter CONFIG.SYS and 
AUTOEXEC.BAT and that sort of thing. The 
General-Purpose Editor of the Year is 
Logitech's Point. This comes with the 
Plus Package. as well as with the Pub- 
lisher Package, both of which include the 
Logitech Mouse. I’m fond of the Logi- 
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They Wont Run Right 


On IheWrong Fuel. 


Low grade or dirty fuel reduces 

Aeg cars to bucking, 
nocking clunkers. 

Computers are no different. 

The fact is, both machines have 
very specific fuel requirements. 
But when running right, they per- 
form like the wind. 


Refined Electricity Increases 
Computer Performance. 


Think of an Emerson power 
system as your computer's own 
private fuel refinery Crude elec- 
tricity goes in one end; premium 
comes out the other. 

Like good car fuel, Emerson 
premium electricity burns clean. 
No spikes, surges, sags, glitches 
or outages. Just refined power that 
puts system performance and 
throughput back where it was 
promised. 

Emerson power keeps your 
computers and your people on 
the job working — even when 
power is completely cut off. 


How To Lower Shocking 
Downtime Costs. 


Computer components aren't 
designed to last forever. But their 
cause of death is far more likely 
to be poisoning than old age. 
Everyday short-burst electrical 


fluctuations assault delicate 
computer circuits right under your 
nose. They leave no trace. Not 
even the flicker of a light bulb to 
warn you. 

With each assault, a computer 
failure comes that much closer. 

But your real costs are in idled 
people and lost productivity. 

Emersons premium electric 
power not only solves this, it 
protects the work your employees 
have already done. If this work 
is important to you, it alone can 
pay for your Ernerson system in 
a single day. 

You Need A Powerhouse 
Of A Company. 


Emerson Electric is a major 
Fortune 500 corporation with — 
more computer power protection 


rame ol 
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systems installed worldwide 
than anybody 

Our systems are more reliable, 
simpler, and easier to operate 
and maintain because each year 
we put more in R&D than much 


of our competition has in assets. : 


It pavs off for vou in failure-free 
operation that actual experience 
shows can exceed one million 
hours on the job. So your Emerson 
system will keep providing power 
on the next computers you buy. 
And the next. 

Our products cover the gamut. 
Uninterruptible Power Supplies 
(UPS) for large mainframes to 
handsome, compact, inexpensive 
ones for your minis and PC's. 

We also have a full line of power 
conditioning and distribution 
systems. Even simple surge protec- 
tors. Whatever level of protection 
you need, Emerson has it. 

Increase the productivity of 
your system. Simply call 4-600- 


. BACK-UPS for our free intro- 


ductory brocbure and the name 
of your local representative. 


= IzMIZFIGUN 
| B Cormputer Power 


j 3300 S. Standard St. 
"i Santa Ana, CA 92702 
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x Jerry's Choice”’x Awards for 1987 


Yt Most Useful Computer: 
ROVER one ema rn mna $3995 
Kaypro Corp. 

533 Stevens Ave. 

Solana Beach, CA 92075 

(619) 481-4300 

Inquiry 910. 


W Most Useful Software: 
DESOview 2.01 ................. $129.95 
Quarterdeck Office Systems 

[50 Pico Blvd. 

Santa Monica, CA 90405 

(213) 392-9701 

Inquiry 911. 


Most Useful Portable: 


Zenith Data Systems 
t000 Milwaukee Ave. 
Glenview, IL 60025 
(312) 699-4800 
Inquiry 912. 


"Y Most Useful Software 
for Portables: 
C$ ——— $139.95 
Traveling Software 
19310 North Creek Parkway 
Bothell, WA 98011 
(800) 343-8080 
(206) 483-8088 
Inquiry 913. 


W Most Usefut Something: 
Turbo-101 

Enhanced Keyboard ,.......... $149.95 
DataDesk International 

7650 Haskeli Ave. 

Van Nuys, CA 91406 

(818) 780-1673 

Inquiry 914. 


tech 3-button mouse anyway; the neat 
part is that when you buy the mouse, you 
get some really useful software as well. 

The Game of the Year is Wizard's 
Crown from Strategic Simulations. It's 
certainly the one I’ve spent the most time 
with. A close runner-up is Strategic Con- 
quest Plus for the Macintosh. They're 
bath pleasant ways to waste more time 
than I have available. 


No More Evestrain 

The problem with naming the “thing of 
the year " is that a lot of good stuff doesn't 
fall into neat categories, and sometimes 
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WW Most Useful Writer's Tool: 
Amdek Laserdrive..................$995 
Amdek 

i901 Zanker Rd. 

San Jose, CA 95112 

(408) 436-8570 

Inquiry 915. 


Microsoft 

Bookshelf CD-ROM ................. $295 
Microsoft Corp. 

16011 Northeast 36th Way 

P.O. Box 97017 

Redmond, WA 98073-9717 

(800) 426-9400 

(206) 882-8080 

Inquiry 916. 


*Y Text Editor of the Year: 


Symantec Corp. 

10201 Torre Ave. 

Cupertino, CA 95014 

(408) 253-9600 

Inquiry 917. 
Runners-up: 

Xy Write III Plus ....................$445 

XyQuest [nc. 

44 Manning Rd. 

Billerica, MA 01821 

(617) 671-0888 

Inquiry 918. 


WordPerfect 4.2 .................... $495 
WordPerfect Corp. 

288 West Center St. 

Orem, UT 84057 

(801) 225-5000 

Inquiry 919. 


you can't pick just one. For example: 
1987 was the year I finally solved my eye 
problems. First, I got an EGA board and 
the Intecolor Megatrend 19-inch EGA 
color monitor. That was more than good 
enough; indeed, when Larry Niven buys 
his new computer, he's going to get a 386 
system, an EGA card, and either the Inte- 
color Megatrend or the Electrohome 
monitor. 

Next, I installed the Orchid TurboPGA 
board and the Electrohome I9-inch 
multiple-sync colar monitor. The Elec- 
trohome is perhaps not quite as crisp in 
EGA mode as the Megatrend, but it's 


Microsoft Word 4.0 ............... 
Microsoft Corp. 

16011 Northeast 36th Way 

P.O, Box 97017-9717 

Redmond, WA 98073 

(800) 426-9400 

(206) 882-8080 

Inquiry 920. 


$450 


"X General-Purpose Editor 

of the Year: 
Point, which comes bundled with the 
Logitech Mouse in the following 
packages: 
Plus Pecligis. re $119 
Publisher Package .................. $179 
Logitech Inc. 
6505 Kaiser Dr. 
Fremont, CA 94555 
(415) 795-8500 
Inquiry 921. 


* Game of the Year: 


Wizard's Crown ................. $39.95 
Strategic Simulations 
1046 North Rengsdorf Ave. 


Mountain View, CA 94043 
(415) 964-1353 
Inquiry 922. 


Runner-up: 


Strategic Conquest Plus ........ $59.95 
PBI Software Inc. 

1163 Triton Dr. 

Foster City, CA 94404 

(415) 349-8765 

Inquiry 923. 


hard to tell the difference; and, of course, 
this combination will perform with soft- 
ware that outputs monochrome, Her- 
cules, CGA, EGA, and PGC, all more or 
less automagically. The PGC graphics 
are amazingly good. 

Now we have the Zenith Z-449 board 
and Zenith's 14-inch ZCM-1490 FTM 
monitor. For years, I've been saying that 
19 inches is just a tad large and 13-inch 
monitors are too small. My first monitor 
was a 15-inch Hitachi monochrome for 
my CP/M system; I'd have thought a 14- 
inch monitor would be too small, but the 
Zenith 14-inch isn't. Combined with my 
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new computer glasses—focal length 28 
inches—i can see that screen fine. 

I'll stick with the 19-inch because 
when Niven and I work together, it’s 
handy if we can both see the screen from 
a distance, but the 14-inch Zenith would 
really be good enough. So how do I pick a 
“year's best" out of that group? I'm not 
going to try. I'll just say that if you do 
much writing with computers, any one of 
these will help you a lot. You can't be too 
kind to your eyes. 


Fair Warning 

Every now and again I see computers— 
usually offshore-constructed clones—run 
at amazing speeds, but when I look in- 
side, the critical parts are ordinary chips. 
"We select the good ones, " one exhibitor 
told me at COMDEX. “Try a lot until we 
find parts that work." 

That sounds right, but it isn't, at least 
not in the case of Intel chips. I've been 
talking to a forrner Inte] designer, and he 
tells me that Intel has very elaborate test 
equipment. 

When Intel makes a batch of expeasive 
purts—say, 386 or 387 chips—they're put 
into the automated test setup and run at 
the highest possible speed. Most of them 
fai) those tests; the few that pass are then 


certified for that speed and sold al a 
premium. 

The rest of the parts are tested again at 
lower speeds. Those that pass get certi- 
fied; the others are tested at still lower 
speeds and become the "ordinary" stock. 
A. few don't pass tests at even the mini- 
mum speed and are díscarded. 

The point is, every "ordinary" chip 
Intel sells has failed a test at higher 
speeds. That's guaranteed. The failure 
the part experienced may not be critical. 
Intel has excellent test equipment and can 
find failures that may never show up in 
ordinary use—but how could you know 
what the failure was? It might be in a lit- 
tle-used area, but even little-used features 
can be critical. So while it's fun to crank 
up the speed on your system, it’s guaran- 
teed that if you run Intel parts much above 
their certified speed, you'll get failures. 
Murphy's law will take care of the rest. 


Winding Down 

As usual, I'm out of space long before T 
have run out of material. I spent the day 
installing an AST RAMpage board in the 
Zenith Z-248 so I could run DESQview. 
It all works, but I sure learned a lot. Then 
too, from here I can see Paradox and 
Condor, two relational databases; Quat- 


wo, Borland's new spreadsheet; a bunch 
of communications programs, stacks of 
stuff for the Macintosh; Turbo Tax for 
the IBM PC; and a partridge in a pear 
tree, There are also two large Federal 
Express boxes from BYTE in New 
Hampshire. 

The most important package, though, 
is a new Unix system for the AT&T PC 
6300 Plus. I want to compare it to QS/2. 
I've never been a great Unix fan because 
Unix is big and slow and takes up so 
much room on a hard disk—18 mega- 
bytes for the on-line manuals alone— but 
Q5/2 seems no smaller or faster, while 
hard disk capacity per dollar has grown 
so fast that 100-megabyte systems will 
soon cost less than OS/2. 

With luck, (Il know more about that 
next time. 8 


Jerry Pournelle welcomes readers' com- 
ments and opinions. Send a self-ad- 
dressed, stamped envelope 10 Jerry Pour- 
nelle, c/o BYTE, One Phoenix Mill Lane, 
Peterborough, NH 03458. Please put 
your address on the letter as well as on 
the envelope. Due to the high volume of 
letters, Jerry cunnot guarantee a person- 
al reply. You can also contact him on BIX 


as "jerryp." 


Travel 
e 


The WorldPori 2400™ and ihe WorldPort 
1200™ madems are the perfect travel 
companions for your portable computer, 
They work virlually anywhere in the world, 
including hotel rooms and phone booths, 
allowing you to connect in a few million 
mare locations than other modems. 


With features superior to internal units, 
Ihe WorldPort line of modems is the smart 
choice for all your communication needs. 
WorldPort modems operate from their own 
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internal battery, drawing no power from your 
laptop. Cutting edge technology brings vau 
features such as Beli and CCITT standards, 
direct connect and acoustic inlerface (300 
and 1200 bps), tiny size and a tiny price. The 
WorkdPort 1200" can be easily upgraded to 
2400 bps and both Ihe WarldPort 2400” 
and ihe upgrade come with Carbon Copy 
PLUS™ communicalions software. 


Find out more about the travel companions 
that won't tie down your portable computer. 


WoridPort I200 and WorldPor! 2400 are trademarks of Touchbase Systems, inc, Carbon Copy PLUS is a trademark of Meridian Technology Inc 


Call us today for more information about 
the WorldPort line oi modems, or the name 
ol your nearest dealer, at 800-541-0345 
(In New York, 516-261-0423.) 


Touchbasa Systems, Inc. 
160 Laurel Avenue 
Nornthpori, N'Y 11768 
(516) 261-0423 

TELEX! 6502848020 
FAX: (516) 754-3491 
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éé Its 6:33 pm. The lines are down. And 
she’ the closest thing I've got to a technician. 


Meanwhile, I've got a sales guy here waiting 
fo close a half-million-dollar deal, and hes 
screaming ‘why didnt my order go through. I 
have no clue. My technical staff is home watching 
the game. And all I keep thinking is whatever 
happened to that word reliability? If I could have 


anticipaled the problem, at least I would have had 
a chance. As far as I'm concerned, somebody at 
headquarters better start talking to AT&T about 
getting a network management system. Or they 
can find themselves a new whipping boy. 


ATST comes through. yy 


AT&T DATAPHONE" TI 
Network Management System 


There's no great mystery to improving your operating 
efficiencies. You just have to start with fail-proof data com- 
munications equipment. As follows. 

ARTS DATAPHONE 1I System Controller manages a 
fully integrated network of modems (analog, private line, 
switched network), multiplexers (statistical, T-1), and digital 
service units (switched, private line). 

Networks of any size can be managed from a single 
point, so problems can be readily pinpointed and corrected. 

Real-time diagnostics and re-routing help anticipate 
system failures and reduce downtime. Complete monitoring 
includes customized reports, menus and graphic displays that 
let you fine-tune your network. 

Tb learn more, contact your ATST Account Executive. Or 
call 1 800 247-1212 for the number of our office nearest you. 

From equipment to networking, from computers 
to communications, AIT is the right choice. 


Qik ATAT 


= ATsT 


=== The right choice. 


w From Oshorne/Mc 


According to Bill Gates “Ed lacobucci was a key architect. . . 
and made very important 
contributions. Ed is one of 
the few individuals who can 
explain the foundation that 
05/2 will provide for the 
industry. . . what you will 
read here represents the 
real ideas behind the operat- 
ing system and what can be 
done with it.” 

From the Foreword of 

08/2" Programmer's Guide 


(08/2 Programmer's Guide 


by Ed lacobucci, 
Leader of the IBM* 0S/2 Design Team 


Foreword by Bill Gates 


Here are the techniques and insights on OS/2 version 
1.0 that serious programmers need. Learn how and 
why the system works. lacobucci discusses 
* Dynamic linking and the system API 
emory management in a protected 
ENVION 
* 05/2 multi-tasking 
e Advanced inter-process communications 
facilities 
a The system |/0 capabilities 
e Session management, user interface, 
utilities, and more. 


$24.95, ISBN: 0-07-881300-X, 650 pages 


Using 05/2 — — 


by Kris Jamsa, 
Author of the Bestseller 
DOS: The Complete Reference 


You'll get up to speed on OS/2 with Jamsa's exper- 
tise. This quick-paced guide covers fundamental to 
advanced concepts, illustrated witn numerous exam- 
ples and screen displays. You'll find details on 


e Redirection of 1/0 
« System configuration 
M d 

è Similarities between DOS and 05/2 

* A complete command reference with syntax 
charts that are unavailable elsewhere 

* Tips for system configuration with 
analyses of configuration file entries 


$19.95, /SBN: 0-07-881306-9, 600 pages 


Available at Fine Book Stores and Computer Stores Everywhere 
Or Call Our Toll-Free Number 808-227-0900 (Outside California) 800-772-2531 (Inside California) 


(Use Your Visa or MasterCard) 


Avrarapie in Canaca rrougn MeGraw-HMilr Ryerson Lid Phone 416-293-1071 


W.!, «8i OsborneMcGravw-Hill 
€. 2600 Tenth Street 
"Hi " Berkeley, California 94710 
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Annual Revelations 


In some ways, owning com- 
puters i$ like being a parent. I 
often find myself wishing my 
"children" had more memory, 
did their chores faster, and re- 
quired less nagging. And I up- 
grade my system with add-ins, 
add-ons, and accessories with the same 
sinking feeling in the pit of my wallet that 
a parent experiences buying clothing for a 
rapidly growing infant. 

I can't push this analogy too much fur- 
ther; I don’t know a single family that 
sells off its kids every couple of years to 
buy new ones (though I’ve heard more 
than a few parents mutter wistfully that 
they'd like the opportunity to do so). 

The frustration of computer owner- 
ship, however, is worse in one respect. 
There are at least some certainties to rais- 
ing children; you know that in a predict- 
able number of years, they'll grow out of 
infancy, out of adolescence, move away, 
and probably start cleaning up their own 
roams. In contrast, I keep waiting for my 
machines to show signs of increasing ma- 
turity, but nothing seems to happen. 

Once a year, I write a column that cata- 
logs my own extremely personal choices 
in software and hardware, and this is the 
month for it. I strongly believe that con- 
fessing my prejudices provides a neces- 
sary foundation to the column; if you 
know I use WordStar, for example, you'll 
be able to take my dislike of some other 
word processors with a grain of salt. 

AS I began compiling my list, ] noticed 
that although there have been major 
changes in my computing environment, 
the nature of the tools has changed very 
little in the past few years. Sure, every- 
thing has gotten faster and more power- 
ful, but the systems have nol gotten per- 
ceptibly smarter. I'm still telling my 
electronic children what to do in words of 
one syllable, and I'm still picking up 
after them. 

So L offer the following challenge to the 
computer industry: You've proved that 
you can design systems that follow orders 
perfectly. Now give us systems that can 


Ezra Shapiro 


A plea for smarter 


computers, and Ezra’s annual list 


of favorite things 


anticipate them. 

Software that senses the presence of 
video boards and numeric coprocessors 
is a step in the right direction. So are 
natural-English query languages. But I 
want more. 

| want à computer to say to me, “Ah. I 
see from the filename ihat you're writing 
your BYTE column. I'll just go ahead and 
load all the desk accessories you nor- 
mally use for that.” Or, “You seem to 
make typos involving transposed charac- 
ters more frequently than other spelling 
mistakes, so I'll look for the transposi- 
tions first." Or, "When you set margins 
for your Jetterhead, the document almost 
always gets sent to the laser printer. Arti- 
cles usually get sent as ASCII Files via the 
modem. I'll] just load the appropriate 
drivers for you." 

To do this sort of thing today, ] have to 
spend hours with installation and macro 
programs. | want my computers to be 
able to figure it out for themselves. ! 
don't want to have to say a thing. 

Right now, everyone is excited about 
adding graphics interfaces and program- 
ming languages to the environment, be it 
HyperCard or SQL. To me, that's just 
another way of phrasing the orders. Why 
not provide tools with some smarts? It's 
time to help the kids grow up. 


The Soft Set 

On the MS-DOS side of my computer 
table. I'm now using three word proces- 
sors, so help me. For short documents, 
I'm back to WordStar, my old favorite. 
The upgrade to 4.0 convinced me to start 
using it again, and it's morc than ade- 
quate for my basic needs. For longer 
pieces, or ones where I need computa- 
tional or database operations, I'm still 
using Framework Il. After 2 years of 


Framework, it's comfortable— 
and as Mac-like as I need. 

When I've got arcane ma- 
nipulations to perform, I switch 
over to Xy Write III Plus. I was 
reluctant to try it, but it's the 
quickest of the three editors, ex- 
tremely adept at block operations, and 
marvelously programmable. Even if I 
have to haul out the manuals. I find it eas- 
ier io program XyWtite than to program 
Framework, 

My set of memory-resident programs 
hasn't changed at all in the past 12 
months. Aside from device drivers, I use 
Cruise Control, Revolution. Software's 
magnificent program to optimize cursor 
speed and action depending on the fore- 
ground task; Memory Mate, Michael Fre- 
mont's free-form text database with a re- 
minder tickler; and Ready!, the outliner 
from Living Videotext. 

For big-lesgue database functions, I 
like Borland's Reflex and Paradox. Re- 
flex is great for analytical jobs, but it's 
limited to database files that fit in RAM. 
Paradox is the big guy for large projects. 
I've changed spreadsheets from Frame- 
work II io VP-Planner Plus. Now that 
VP-Planner is macro-compatible with 
Lotus 1-2-3 and features simplified 
menus, I'm satisfied with it, For telecom- 
munications, ['m using Mirror II. 

Over on the Mac, Microsoft Works ts 
my primary writing tool, equipped with 
Lundeen & Associates’ WorksPlus Spell 
and WorksPlus Command. WorksPlus 
Spell adds the best spelling checker I've 
ever used, and WorksPlus Command is a 
full macro environmeni— not only does it 
record and play back keystrokes and 
mouse movements, it also generates edit- 
able Pascal-like code. 


continued 


Ezra Shapira is a consulting editor for 
BYTE. Contact him a1 P.O. Box 146069. 
San Francisco, CA 94114, or on BIX as 
“ezra. " Because of the volume of mail he 
receives, Ezra, regretfully, cannot re- 
spond to each inquiry. 
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Cruise Control ................ 


Revolution Software Inc. 
715 Route IO E 
Randolph, NJ 07869 
(201) 366-4445 

Inquiry 934. 


Desktop Express .............. 


Dow Iones & Co. Inc. 
P.O. Box 300 
Princeton, NJ 08450 
(609) 452-2000 
Inquiry 935. 


Excel (Mac)........... sees 
Microsoft Works (Mac) ...... 


Microsoft Corp. 

16011 Northeast 36th Way 
P.O. Box 97017 

Redmond, WA 98073-9717 
(206) 882-8080 

Inquiry 936. 


4th Dimension ................. 


Acius Inc. 

20300 Stevens Creek Blvd. 
Suite 495 

Cupertino, CA 95014 
(408) 252-4444 

Inquiry 937. 


Ashton-Tate 

20101 Hamilton Ave. 
Torrance, CA 90502-1319 
(213) 329-8000 

Inquiry 938. 


GraphicWorks 1.1............ 


Mindscape Inc. 

3444 Dundee Rd. 
Northbrook, IL 60062 
(312) 480-7667 
Inquiry 939. 


MacCalligraphy ............... 


Enzan-Hoshigumi (USA) 
P.O. Box 131 

Still River, MA 01467 
(617) 456-8255 

orders: (800) 962-6686 
Inquiry 940. 


MemoryMhte .. 
Broderbund Software Inc. 
17 Paul Dr. 

San Rafael, CA 94903 
(415) 492-3200 

Inquiry 941. 
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Software Ventures Corp. 
2907 Claremont Ave. 
Suite 220 

Berkeley, CA 94705 
(415) 644-3232 

Inquiry 942. 


Mirror II .. 

SoftKlone Distributing Corp. 
1210 East Park Ave. 
Tallahassee, FL 32301 
(904) 878-8564 

Inquiry 943. 


More.. 

Ready! .. 

Living Videotext Inc. 

2432 Charleston Rd. 
Mountain View, CA 94043 
(415) 964-6300 

in California: (800) 443-4310 
orders: (800) 822-3700 
Inquiry 944. 


Aldus Corp. 

411 First Ave. S 
Suite 200 

Seattle, WA 98104 
(206) 622-5500 
Inquiry 945. 


Paradox 1.1 .................... 
Reflex Plus (Mac) ............... 


Borland International 
4585 Scotts Valley Dr. 
Scotts Valley, CA 95066 
(408) 438-B400 

Inquiry 946. 


Software Supply Inc. 
599 North Mathilda Ave. 
Suite 210 

Sunnyvale, CA 94086 
(408) 749-9311 

Inquiry 947, 


sj: ———— 


Paragon Concepts 
4954 Sun Valley Rd. 
Del Mar, CA 92014 
(619) 481-1477 
Inquiry 948. 


Items Discussed 


Microphone aerer 


..-- $89.95 


,,,5295 
. $99 


5495 


20 D495 


EF P— $99.95 
CE Software 

801 73rd St. 

Des Moines, IA 50312-1051 

(515) 224-1995 

Inquiry 949. 


cop 00 M———— $89.95 
SmartScrap and 

The Clipper ............... 
Solutions 

29 Main St. 

Montpelier, VT 05602 
(802) 229-0368 

Inquiry 950. 


SuperPaint ....................... $149.95 
Silicon Beach Software Inc. 

9580 Black Mountain Rd., Suite E 

San Diego, CA 92126 

(619) 695-6956 

Inquiry 951. 


TOPS/DOS (MS-DO5)...,......... $189 

TOPS for the Macintosh .......... $189 

TOPS FlashCard (PC AppleTalk 
$239 


TOPS 

2560 Ninth St., Suite 220 
Berkeley, CA 94710 
(415) 549-5900 

Inquiry 952. 


VP-Planner Plus ................ $179.95 
Paperback Software [nternational 

2830 Ninth St. 

Berkeley, CA 94710 

(415) 644-2116 

Inquiry 953. 


WordStar Professional 4.0 ........ $395 
MicroPro International Corp. 

33 San Pablo Ave. 

San Rafael, CA 94903 

(415) 499-1200 

Inquiry 954. 


WorksPlus Command ...... s.. 599,95 
WorksPlus Spell ................. 
Lundeen & Associates 

P.O. Box 30038 

Oakland, CA 94604 

(415) 893-7587 

Inquiry 851. 


Xy Write III Plus .................... $395 
XyQuest Inc. 

44 Manning Rd. 

Billerica, MA 01821 

(617) 671-0888 

Inquiry 852. 
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Occasionally, when ['m working with 
ASCII files, I'll shift over to QUED/M 
from Paragon Concepts, a nifty program- 
mers" editor that implements the full 
Unix wild-card search system. I keep 
Microsoft Write around on the hard disk 
merely to convert MacWrite files into 
something usable. 

My databascs are in Reflex Plus, 
though I'm building an accounting sys- 
tem in 4th Dimension. Excel is the 
spreadsheet of choice. For graphics, | 
usually use SuperPaint, but I occasion- 
ally play with both MacCalligraphy and 
GraphicWorks. My favorite layout pro- 
gram is PageMaker 2.02. 

Communications are handled with 
Software Ventures’ Microphone 1.1; I 
use Desktop Express from Dow Jones to 
communicate with MCI Mail. Is an out- 
line conceivable without More from Liv- 
ing Videotext? Of course not. I’m also 
high on SuperGlue (the print-to-disk 
driver from Solutions), and I use Smart- 
Scrap and The Clipper, desk accessories 
from Solutions that simplify using graph- 
ics fragments in other programs. 

In the past few months, ['ve picked up 
a number of new utilities for the Mac. 
Suitcase lets me cram my menus with far 
more desk accessories and fonts than 


Apple allows. PowerStation is a Finder 
replacement that I find extremely useful 
in the confusing maze of windows gener- 
ated by MultiFinder. Both are from Soft- 
ware Supply. 

I've just purchased QuicKey. from CE 
Software, which lets me assign mouse 
movernents, menu selections, and text to 
keyboard commands of my own choos- 
ing. I haven't worked with it long enough 
yet to tell if I really like it. 


The Hard Set 

There's been a lot of hardware activity in 
the past 12 months; 1987 was a year for 
replacements. My old Compaq portable 
made way for a Tandon PCA-40, a 
286/EGA box with a 40-megabyte hard 
disk drive and a single high-density 
floppy disk drive. I’ve added a Logitech 
Bus Mouse and MicroSpeed's Fast TRAP 
trackbail device, and [ switch between the 
two depending on mood. I’m being won 
over by the trackball, but since it uses my 
one lonely serial connector, I switch to 
the Bus Mouse when I know I'm going to 
need the port. 

One of the Tandon's slots has an AST 
Premium RAMpage board, and another 
holds a TOPS FlashCard AppleTalk 
board. The Compaq lives on, by the way. 


Since [ haven't gotten around to installing 
a 360K-byte drive in the Tandon, [ use 
the Compaq to format disks—a lowly fate 
for a machine that provided flawless per- 
formance for 2' years of nearly continu- 
ous use, including 15 months spent run- 
ning a bulletin board system. 

The real excitement has occurred on 
the Macintosh side of my worktable. The 
Mac Plus and DataFrame 20 combo has 
been lent to a rabid computerphobe who 
was once forced to use MultiMate on an 
JEM PC XT. The Mac seems to be heal- 
ing those deep scars; she's now sitting 
down at the computer voluntarily. 

I"m using a new Macintosh SE with 
Apple’s stock hard disk drive and an ex- 
ternal Jasmine 160 drive. Less than a 
month after I purchased the computer, I 
ripped out the factory-installed memory 
and dropped in 4 megabytes of |20-ns 
Lightning single in-line memory mod- 
ules. I also bought myself a Radius Accel- 
erator 16 card, and it's wonderful. 

T chose the Radius for two major rea- 
sons: price and convenience. At $995, 
it's half the price of many other boards. 
And since [ test software, it's often nec- 
essary for me to shut off the accelerator 
and deal with a stock SE. By holding 


cantinued 


The Complete 
68000 C Compiler 
The UniWare" 68000 C Cross Compiler gen- 


erates fully optimized code for your ROMable 
applications. It supports: 


* 68000 
* 68010 


* 68008 
* 68012 
* 68881 


You won't find a more complete package — the 
UniWare 68000 C Compiler comes with a 
relocating macro assembler, type-checking 
linker, librarian, and all the utilities you need to 
put your program into ROM. And it's just $995 
under MS-DOS. Also available under UNIX. 


GALL TODAY 
(312) 971-8170 


SOFTWARE DEVELOPMENT SYSTEMS, INC. 
3110 Woodcreek Drive 
Downers Grove, IL 60515 


* 68020 


| Circle 244 on Reader Service Card 


The Complete 
Z80 C Compiler 


The UniWare™ Z80 C Cross Compiler gener- 
ates fully optimized code for your ROMable 
applications. It supports: 


* Zilog Z80 
+ Zilog Z180 
+ Hitachi HD64180 


You won't find a more complete package — the 
UniWare Z80 C Compiler comes with a relocat- 
ing macro assembier, type-checking linker, 
librarian, and all the utilities you need to put 
your program into ROM. And it's just $995 
under MS-DOS. Also available under UNIX. 


CALL TODAY 
(312) 971-8170 


SOFTWARE DEVELOPMENT SYSTEMS, INC. 
3110 Woodcreek Drive 
= Downers Grove, IL 60515 
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The QMS has sold me 
on laser printers as 

the greatest thing since 
Sliced bread. 


down the mouse button on start-up, the 
Radius gives me the option of shutting off 
either the code cache, the data cache, or 
the whole thing. 

Since the Mac itself is becoming a 
memory hog with MultiFinder and 
HyperCard, I also appreciate the fact that 
the card uses motherboard RAM. While 
it might not be as blazingly fast as accel- 
erators with on-board memory, [ didn't 
have to buy 4 megabytes of chips for both 
the 68000 and the 68020. I'll concede 
that other accelerators might be a hair 
faster, particularly for number cruach- 
ing, but Radius gives me text scrolling so 
fast I can't make out the words as they fly 
by. [n graphics programs, objects that 
used to jump slowly across the screen try- 
ing to keep up with the cursor now slide 
easily. 

For printers, I have an Okidata Micro- 


March Specials 


line 192, an Apple imagewriter II, and a 
QMS-PS 800 laser printer. The Okidata 
is hooked to the Tandon, the [magewriter 
II plugs into the Mac, and the QMS is on 
the TOPS network so both computers can 
have access. The Okidata has performed 
well for 2% years. The Imagewriter IT is a 
recent addition, but a glance at the guts 
has convinced me it's the most solidly 
built printer I’ve ever owned. The QMS 
handles the bulk of the printing around 
here, and it's sold me on laser printers as 
the grearest thing since sliced bread. 

The whole system is cabled together 
using TOPS networking software. the 
TOPS FlashCard in the Tandon, and 
PhoneNet connectors and wiring from 
Farallon. 


Apology to Microsoft 

In January, I attacked Microsoft for the 
inability of both Word 3.0] and Works 
1.1 on the Macintosh to eliminate blank 
lines during a mail merge. I was half 
right. Word has problems, but Works 
does kill a blank line if it contains nothing 
but a null field. However, this feature is 
undocumented in both the original Works 
1.0 manual and the pamphlet that accom- 
panies the |.| update. According to Tim 
Lundeen, one of the authors of Works, 


MUSIC 


the documentation was frozen before the 
software was finished. Silly me to trust 
the manual! Sorry, Microsoft. 


On the Right Track 
My December column, in which I men- 
toned a digital control system for Märk- 
lin model trains, prompted a brief note 
from Richard F. Dermody, coordinator 
of the Computers in Model Railroading 
special interest group of the National 
Mode] Railroad Association. He writes, 
"| thought you might be interested in 
knowing that there are more than a few 
people with *a passion for model rail- 
roading and computers’ out there, as the 
hundreds of members in this special-in- 
terest group would indicate. 1988 will 
mark our seventh year of publishing a bi- 
monthly newsletter devoted to these [wo 
subjects.... There are also alternatives 
to the Marklin system, which unfortu- 
nately controls only Marklin trains of 
mostly European prototype, rather than 
the North American prototypes more com- 
monly modeled in the U.S. and Canada.” 
If you send a stamped, self-addressed 
envelope, you can get further information 
about the group. Its address is NMRA 
CMR-SIG, 8431 Timber Glen, San An- 
tonio. TX 78250-4416. m 
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Charge is 5% ol Total Order with a $3.9 


Easy as A BC 
A 
Write your letter, report, article or what- 
ever it is you're working on using your re- 
gular word processor. Then convert to an 
ASCII file, 


Load READABILITY and ask it to analyze 
your text. The results are ready in a jiffy. 
ear MERERI 
Browse through the READABILITY dis- 
plays to find out how readable your wriling 
really is. READABILITY provides you with 
clear-cut advice on how to improve your 
writing style. Compare your results with 
those of your colleagues, or with a [ew 
paragraphs written by your favorite author 
or newspaper columnist. 


READABILITY IN A NUTSHELL 
The main READA- gm 
BILITY diagram pre- | 
sents a simple graph. M 
By comparing its 
dispersement and 
focal point with nine 
analytical templates, 
you can grade your 
writing on a scale rauging from children's 
books ta bureaucratic gobbledygook. 


Scandinavian PC Systems, Inc. 


3 Hraukside Park, Old Greenwich, CT 06870 


Phone (203) 698-0821 
Fax number (203) 698-0914 


Aj a T Dainida m, 


= 


— its t FS Ss oo ee 


LLLI mme 
= fi eel = ae a ee 


5" & 


What's more, you can see 
which sentences deviate from 
the norm, and then decide whether 
to rewrite them or not. 

Included with the program are finished 
analyses of a number of samples of good 
writing (by famous authors etc.). They 
help you to learn quickly how good writ- 
ing should 
appear 

un the 
different 
dia- 
grams. 


E Lj = —— i 
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The sentence diagram presents the reada- 
bility characteristics of your sentences, 
and tells you what percentages of your 
sentences are EASY, NORMAL and 
DIFFICULT. 


The word selection diagram presents your 
ratio of everyday words to unusual words 
and tells vou how much word-variety 
your writing incorporates. 


The word selection commenis pinpoint 
poorly selected wards that you'll want to 
avoid in the future. 

į READABILITY also presents an 
overall evaluation of your wnting by 
grading it on a 0-to 5 scale based on 
six highly relevant factors. 


ES Finally, READABILITY summarizes 


the analysis by presenting and 
overall renew with proposals for 
specific steps yau can take to make 
your writing more readable. 
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Enrich your writing style 
At last! A program that enhances 
your writing style 


READABILITY (from Scandinavian PC Systems, Inc.) analyzes your 
writing style and shows you how to improve it. Some twenty 
displays show you just how readable your writing is. 


Textbook-style manual 
An attractive, hard-cover textbook-style 
manual is included with READABILITY. 
This well-organized ;———-—-—. 
and easy-to-use  / CAUR Any $ 
manual telis you . 

how to use 

READABILITY | 
and explains 


how it j | 
functions. / j 
PRICE f 


only $ | 
59.95 d 


Scandinavian PC Systems, Inc. 
specializes in low-price programs that 
include carefully written textbook-style 
manuals which are in a class apart when 
it comes to user-fnendliness. We believe 
that a manual is every bit as important 
as the program it supports. More than 
50,000 copies of our programs have 
been sold in Europe. 
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MICRO-CAP II” 


Spectrum Software's MICRO-CAP II® is 
fast, powerful, and feature rich. This fully 
interactive, advanced electronic circuit 
analysis program helps engineers speed 
through analog problems right at their 
own PCs. 

MICRO-CAP I, which is based on our origi- 
nal MICRO-CAP software, is a field-proven, 
second-generation program. But it's dra- 
matically improved. 


Shemale Editor 


MICRO-CAP II has faster analysis routines. 
Better resolution and color Larger librar- 
ies. All add up to a powerful, cost-effective 
CAE tool for your PC. 

The program has a sophisticated inte- 
grated schematic editor with a pan capa- 
bility. Just sketch and analyze. You can step 
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The CAE tool with fully interactive 
analog simulation for your PC. 


Transient Analysis 


component values, and run worst-case 
scenarios— all interactively, And a 500-rype" 
library of standard parts is at your finger- 
tips for added flexiblity. 

MICRO-CAP II is available for IBM® PCs 
and Macintosh.” The IBM version is CGA, 
EGA, and Hercules® compatible and costs 
only $895 complete. An evaluation version 
is available for $100. Call or write today for 
our free brochure and demo disk. We'd like 
to tell you more about analog solutions in 
the fast lane. 


Bi Integrated schematic editor 

Bi Fast analysis routines 
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FLOATING-POINT PROCESSING 


Avoiding Coprocessor 
Bottlenecks 


Overcoming bandwidth problems between the CPU 
and the floating-point math coprocessor 


NUMERICS PERFORMANCE IN the 
millions of floating-point operations per 
second (MFLOPS) is vital to workstation 
tasks such as high-quality graphics, 
stress analysis, CAD, and electrical or 
mechanical simulations, With the in- 
creasing sophistication of business soft- 
ware, MFLOPS are fast becoming a ne- 
cessity in many office applications as 
well, Linear programming, used to solve 
complex optimization problems in busi- 
ness and industrial planning, relies 
largely on floating-point computation. 
So does statistical analysis, employed in 
market research, product quality analy- 
sis, capacity planning, and stock portfo- 
lio analysis. The high-resolution graphics 
found in computer-aided drafting and 
desktop publishing make copious usc of 
floating-point arithmetic (see the text box 
“Graphic’s Prodigious Need for 
FLOPS" on page 198). 

While high-end microprocessors such 
as the Intel 80386 provide general- 
purpose horsepower in the 3- to 4-MIPS 
range, their arithmetic performance lags 
far behind, delivering only thousands of 
l'loating-point operations per second—far 
too slow for compute-intensive personal 
workstation applications. 

For higher numerics performance, sys- 
tem designers must turn lo coprocessors 
and numerics accelerators. By relieving 
the CPU of floating-point math, these 
arithmetic engines can increase system 
performance markedly, A range of nu- 
merics accelerators are available, from 
conventional coprocessor chips, like 
Intel's 80387 and Motorola’s 68882, to 
very fast bit-slice array processors. 


Mauro Bonomi 


Conventional coprocessors are rela- 
tively inexpensive and run standard soft- 
ware but offer performance levels suit- 
able only for low-intensity numerics 
applications, such as spreadsheet recom- 
putation and two-dimensional graphics. 
Array processors, on the other hand, are 
often expensive and difficult to program. 
They execute special operations, such as 
matrix multiplications and vector calcu- 
lations, very rapidly. But because of their 
complex architectures, often featuring 
multiple memory banks, pipelined 
stages, and multiple address generators, 
they are not supported by standard com- 
pilers. Simple recompilation of existing 
software is not possible, 

A variation on the conventional copro- 
cessor is the memory-mapped copro- 
cessor. These coprocessors reach a 
middle ground between conventional co- 
processors and array processors; they 
provide standard software support like 
the conventional coprocessors but move 
up the performance curve toward array 
processors. Mernory-mapped coproces- 
sors vary from conventional coprocessors 
in one vital respect: Memory mapping at- 
tempts to deal with the bus bandwidth 
bottleneck. 

Sun, Apollo, and Masscomp all make 
prapriétary memory-mapped floating- 
point accelerators for workstations; in the 
personal computer world, the Weitek 
1167 is the only example of a memory- 
mapped coprocessor. 


Bottlenecks Limit Performance 
Thc vast majority of arithmetic calcula- 
tions performed by any computer employ 


real numbers and so require floating- 
point processing. Such processing is, 
however, a good deal more complex than 
integer math. The computer must keep 
track of a mantissa and an exponent for 
every operand and perform scaling after 
each arithmetic operation to reduce the 
result to a normalized format. 

Owing to silicon space limitations, 
microprocessors, such as the 80386 and 
the 68020, feature integer-only ALUS. 
Floating-point operations are accom- 
plished through software subroutines. 
Each such operation is carried out by the 
integer hardware as a lengthy series of 
ALU steps (adds, subtracts, and shifts). 

This type of sofiware implementation 
places a significant drag on performance 
in numerics-intensive tasks. Numerics 
coprocessors provide dramatic gains in 
speed by implementing floating-point 
functions in specialized hardware. Co- 
processors work in close conjunction 
with the microprocessor, 

Assuming, for example, that two sin- 
gle-precision numbers, A and B, stored in 
two 80386 registers must be added and 
the result C stored back in the 80386, the 
following actions must be carried out: 
The microprocessor must instruct the co- 
processor to execute an addition, pass the 
two operands, and then store the result 
after the completed operation. Clearly, 
the resulting system performance de- 
pends on two main factors; the raw speed 

continued 


Mauro Bonomi is a product manager at 
Weitek. He can be reached at 1060 East 
Arques, Sunnyvale, CA 94086. 
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COPROCESSOR BOTTLENECKS 


Graphic’s Prodigious Need for FLOPS 


ne of the most math-hungry appli- 

cations is three-dimensional 
graphics, used extensively in CAD, 
computer animation, and a variety of 
scientific problems. Generating even the 
simplest image of a three-dimensional 
solid, for example, can consume prodi- 
gious numbers of floating-point opera- 
tions. Beginning from a simple geomet- 
rical description of an object, the 
computer must derive a model of the ob- 
ject’s entire surface and its relationship 
to the viewing screen, reflected light, 
and perspectival attributes. 

Consider the goblet in photo A. The 
first step in rendering a realistic image is 
to create a mathematical model of the 
object. The goblet is defined in terms of 
quadratic functions representing simple 
geometric shapes: a sphere, cylinder, 
and two hyperbolic surfaces, each trun- 
cated by one or more planes. For exam- 
ple, the quadratic function for the sphere 
isk + ¥* + Z' = K?, 

The equations are next solved for var- 
ious values of X and Y. The result is a set 
of coordinate poinis, representing points 
on the surface of the goblet. In a process 
known as tessellation, each point is 
treated as the vertex of a triangle. The 
surface as a whole is represented by a 
large number of adjacent triangles, 
much like a faceted gem, that approxi- 
mate the smoothly curving surface of an 
actual goblet (see figure A). The greater 
the number of surface points computed, 
the higher the quality of the final pic- 
ture. For this image, 12,000 points were 
computed with a total of about 120,000 
floating-point calculations. 

The generalized surface image must 
next be rotated, translated, and scaled. 
That is, it must be assigned an exact ori- 


of the floating-point hardware and the ef- 
ficiency of the interface between the 
microprocessor and the numerics copro- 
cessor. Even if the floating-point unit 
(FPU) latency —the tirne required to gen- 
erate a result from two input operands— 
could be reduced to 0, an inefficient in- 
terface protocol could limit system 
performance. 


Low-Latency Data Paths 

The 80386/80387 combination illustrates 
conventional coprocessor function. The 
80387, connected to the system data bus, 
monitors the same program instruction 
stream às the microprocessor does. The 
microprocessor is responsible for gener- 
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Photo A: The gobier. 


v k r E 
Tessellated |- 
surlace | 


Figure A: The tessellated goblet. 


ating all addresses for both code and data. 
Operands and op codes are transmitted to 
the coprocessor from memory via the 
data bus. Whenever the microprocessor 
detects a coprocessor instruction, it waits 
until the coprocessor becomes idle, lets 
the coprocessor begin the instruction, 
and then moves on to the next instruction. 
If the 80387 is still busy by the time the 
80386 encounters another coprocessor 
instruction, the microprocessor waits 
until the coprocessor is done. This pro- 
cess is invisible ta the programmer; it ap- 
pears as though ihere is only a single 
processor. 

Despite this tight coupling and ease of 
programming, the performance of con- 


entation, position, and size. The coordi- 
nates of each triangle vertex are muiti- 
plied by a 4-by-4 transformation matrix. 

Twenty-eight floating-point opera- 
tions are needed to transform each point; 
transforming the entire picture takes 
330,000 calculations, 

Once the tmage has been trans- 
formed, it must be determined which 
points fall within the viewing space 
(i.e., which points lie inside the pictare 
frame). Clipping, as this process is 
called, involves six calculations per 
point for a total of 72,000 calculations. 
Perspective transformation comes neat. 
The internal, three-dimensional mode! 
of the goblet is projected onto the two- 
dimensional coordinates of the com- 
puter screen. Screen coordinates must 
be converted into integer values repre- 
senting pixel locations. Roughly 
130,000 operations are required. 

A shading model must then be used to 
compute the colors and intensities asso- 
ciated with each point on the screen. 
Such models take into account the prop- 
erties of both the surface of the object 
and the light source. Light source calcu- 
lations entail more than 360,000 opera- 
tjons for the vertex points projected onto 
the screen. Shading for pixels not corre- 
sponding to vertices of the tessellated 
image is derived via interpolation. Ás- 
suming the gohlet takes up 30 percent of 
the screen, interpolation requires close 
to 300,000 calculations. 

AI this point, the information is com- 
plete and is ready to be displayed. All 
told, the image has required approxi- 
mately 1.5 million floating-point opera- 
tions. Many more operations are re- 
quired every time the image is rotated, 
translated, or rescaled. 


ventional numerics coprocessors suffers 
both from some inherent processing limi- 
tations and frorn interface bottlenecks. To 
begin with, simple operations such as 
adds and multiplies may require multiple 
passes through the hardware. This is due 
io limited silicon space for ALUs. Simi- 
larly, the number of on-chip registers is 
often relatively small. But a bigger prob- 
lem is that both data and instructions are 
sent to conventional coprocessors via a 
data bus of limited bandwidth. 
Memory-mapped coprocessors accel- 
erate floating-point operations in two 
ways: They use dedicated 64-bit floating- 
point multiplier and ALU data paths, and 
they provide an interface that lets the co- 


processor acquire data and instructions 
by using both the address and the data bus 
simultaneously. 

For example, consider the simplified 
block diagram of the Weitek 1167 mem- 
ory-mapped coprocessor and its interface 
to the Intel 80386 (figure 1). The muiti- 
plier and ALU data paths execute such 
operations as single-precision adds, sub- 
tracts, and multiplies in a single pass 
through the silicon, The 1167 multiplier 
and ALU flow-through time is under 200 
nanoseconds for a single-precision opera- 
tion. In contrast, conventional coproces- 
sors usually require over 1.5 microsec- 
onds (7 to 8 times slower) to carry out the 
same operation. 

The coprocessor is connected to the 
80386 via the control, data, and address 
buses. Instructions (op codes) are sent to 
the coprocessor using the system address 
bus, while data (operands) are sent over 
the data bus. As the address bus specifies 
the instruction to be performed, the data 
bus can pass a 32-bit operand simulta- 
neously. This parallelism reduces bus 
bottlenecks that otherwise significantly 
limit system performance. 


View of the System Address Bus 

The microprocessor treats a memory- 
mapped coprocessor as a distinct region 
of physical memory. Data-moves to and 
from this memory region select the co- 
processor and specify both the floating- 
point op code, the location of the two 
operands, and the destination of the com- 
putational result. At the same time, the 
data on the data bus can provide any oper- 
and not already present in the coproces- 
SOf S registers. 

Figure 2 shows the Weilek coprocessor 
view of the 80386 address bus. The co- 
processor is mapped into the physical 
memory area ranging from COOO00000h 
to COOOFFFFh. A given address in this 
area selects the coprocessor, indicates the 
instruction for the coprocessor to per- 
form, and specifies the operand locations 
(Sourcel and Source2/Destination). The 
most significant 16 bits of the physical 
address identify a coprocessor instruc- 
tion. If the upper bits of the address are 
not equal to COOQh, the address does not 
specify a Weitek command and is ignored 
by the coprocessor. The next 6 bits of the 
address specify the coprocessor instruc- 
tion to be executed. The least significant 
10 address bits specify the registers that 
will provide sources and destination for 
the instruction. 

Source2 and Destination always coin- 
cide. When Source] is set to 0, the 
Source] data is provided by the systetn 
data bus. SourceZ and Destination, on the 
other hand, always specify one of the re- 
mainmg 31 32-bit registers (] to 31) of 


COPROCESSOR BOTTLENECKS 


the coprocessor register file. This means 
that one of the two operands always re- 
sides in the coprocessor register file. 


Generating Instructions 

Coprocessor instructions for ihe Weitek 
1167 are specified via simple 80386 
memory moves, Assuming that the two 
single-precision operands in the 80386 
registers EAX and EBX nced to be added 
and the result is to be stored back in regis- 
ter EAX, the following three memory 
move instructions will execute the 
operation: 

1) mov ADDR1, eax : load content of 
EAX (A) into the 
Weitek 1167 reg- 
ister file. 

: load content of 
EBX (B) into Wei- 
tek register file 
and add it to A. 

; store result C 
back into 80386 
register EAX. 


2) mov ADDRZ, ebx 


3) mov EAX, ADDRJ 


Addresses ADDR1, ADDR2, and ADDR3 are 
derived by filling the address fields, 
shown in figure 2, with the proper values. 
The most significant 16 bits of all the ad- 
dresses are set to COOÓh in order to seleet 
the coprocessor. The next 6 bits are filled 
with the op code for LOAD, ADD, and 


Interface 
and control 
logic 


E Adress 


STORE, respectively. Finally, the least 
significant 10 bits will be filled with the 
operand addresses. 

As all the above operations involve one 
operand coming from the bus, Sourcel 
will always be set to O. Source2 can in- 
stead specify any of the remaining 31 reg- 
isters (1 to 31) in the Weitek 1167 register 
file. With the move to ADDR2, the 80386 
passes a 32-bit operand (B) to the copro- 
cessor on the data bus and specifies the 
floating-point instruction that needs to be 
executed (ADD). This is an example of the 
parallelism provided by the memory- 
mapped interface. 

To hide the details of the memory- 
mapped interface from the programmer, 
memory-mapped coprocessors feature 
macros, one for each coprocessor in- 
struction. Using Weitek 1167 macro no- 
tation, for example, the addition se- 
quence above becomes 
i)wfldwsl,EAX ; load EAX (A) into 
Weitek register |. 

; add Weitek regis- 
ter | (A) to EBX 
(B). 

; store result from 
Weitek register ] to 
EAX. 


2) wFadd ws1, EBL 


3) wfst EAX, wal 


The instruction stream assumes that reg- 
continued 


Weitek 1167 


32 x 32 
Register lile 


Multiplier | 


Figure |: A block diagram of the 80386/Weitek 1167 interface. 
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Figure 2: The Weitek 1167 view of the 80386 address bus. 
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Photo 1: The beach bail. 


ister | has been used to accumulate the 
result inside the coprocessor. 


Large Register Sets 

Memory-mapped coprocessors com- 
monly offer large internal register sets 
that can be used to store constants and to 
accumulate partial results. The accumu- 
lation of partial results in internal regis- 
ters lets the coprocessor minimize the 
number of loads and stores between the 
microprocessor and the FPU. 

When performing a three-dimensional 
graphics transformation, for example. re- 
quiring the multiplication of a large num- 
ber of vectors of four elements each by a 
4-by-4 transformation matrix, the pro- 
grammer can store all 16 matrix coeffi- 
cients in the coprocessor register file and 
then use them to transform all the vectors. 

C programmers can define all vari- 
abies processed by the coprocessor as 
temporary variables, The compiler will 
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| Listing 1: The C code to generate the beach ball. (Cade written by Bruce "| 


Holloway of Weite.) 


$include €math.h» 
include <stdio.h> 
finclude «time.h» 


clock t start,stop; 
float pi; 


|| 


int colors[]4(3,$,19,13,6,3, 18, 13, 6, 3, 13,1 


81,d[]e(649, 358,1], 1, k, 


palette[]«(8008,010,8001,011,820,8902,022 
:077, 040,004, 044, 062, 0806, 066,807,077}, 


x,y,X min,x max,y min,y max; 


unsigned short random; 


maint) 


continued 


then allocate such variables to copro- 
cessor internal registers, thus holding the 
number of store and load operations be- 
tween microprocessor and coprocessor to 
a minimum. 

To appreciate the performance differ- 
ences between conventional and mem- 
ory-mapped coprocessors, see “The Intel 
80387 vs. the Weitek 1167" by Tom 
Thompson. on page 205. 


Compiling: Án Example 

The beach ball picture shown in photo | 
was generated on a 20-MHz Compaq 
Deskpro 386/20 with an EGA graphics 
card. The C code for this simple graphics 
example is presented in listing 1, The 
program uses the Phong shading tech- 
nique to compute the intensities and 
colors of the surface of the ball. The idea 
behind this technique is to compute nor- 
mal (perpendicular) vectors to each point 
on the surface using an interpolation 
scheme and then apply the shading model 
at each pixel displayed. 

The program involves a large number 
oF floating-point computations on single- 
precision numbers, including the four 
basic instructions (add, subtract, multi- 
ply. and divide), us well as spectal func- 
tions (sine, cosine, and square root), The 
C program was compiled with a 
MetaWare High C compiler that supports 
both the Weitek 1167 and the 80387 co- 
processor. The compiler generates either 
80387 or Week 1167 object code. Users 
choose the desired coprocessor by setting 
4 special switch on the command line 
when giving the compile command. 

Running without a floating-point co- 
processor, with the 80386 emulating 

continued 
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ty, & 12 Month FREE Device Updates. 


1021 South Rogers Circle, Boca Raton, FL 33487 
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MODEL 24 


HANGE SYOTEM 


Engineered 
for speed, 
flexibilit 


Bay Technical Associates, Inc., Data Communications Products Division 
200 N. Second St., Bay Saint Louis, MS 39520 USA 
Telex 910-333-1618 BAYTECH, Telephone 601-467-8231 ar toll-free 


800-523-2702 


CHECK THE SPECS 


* The Data Exchange System, 
Model 24, allows high speed 
exchange of data between 
computers, printers and other 
peripherals. 


* Powerful 16-bit CPU plus 
multiple bigh performance I/O 
processors allow super high 
speed transfer of data 
demanded by new faster 
computers and software. 


* Optimum flexibility: Select 
the right combination of serial 
and parallel ports, and set any 
of these ports as a peripheral 
pori or as a computer port. 


* Basic unit expandable to 24 
ports by 4-port modules offered 
in serial/parallel combinations. 


* Standard 512KB buffer 
expandable to 442 megabytes, 
to handle big print/plot jobs 
and many small ones. 


« Buffer memory dynamically 
allocated to maximize buffer 
utilization. 


* Simultaneous data input and 
output on all ports, so no 
devices are kept waiting. 


* Computer-to-computer 
communication concurrent 
with all other operations. 


* Full duplex communication 
allows file transfer capability 
with many communications 
software packages. 


- Compatible with virtually all 
computers, printers, plotters, 
modems and other peripherals. 


* Pop-up RAM resident PC 
support soltware allows 
peripheral selection via hul key. 


* Super fast throughput allows 
data to pass through with no 
apparent processing delays. 


* Many user-definable 
parameters including separate 
baud rates, low control and 
parity for each port. 


* Internal serial-to-parallel and 
parallel-to-serial conversion. 

» Cascading capability to 
increase available number 

of ports. 

« Unlimited hotline tech 
support. 

* Designed and manufactured 
in the U.S.A. 
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LABTECH 
NOTEBOOK 


Now 
with Real Time 
Data Reduction 


LABTECH NOTEBOOK has been the 
accepted standard for data acquisition 
and control software for some time. It is a 
remarkable package that lets you perform 
real-time data "y ge^ and process 
control on your 

ming. 


Now, NOTEBOOK can also do real-time 
analysis and data reduction, so you can 
see meaningful data on the screen, and 
adjust the experiment automatically 
based on those calculations. For exam- 
ple, you can see the mean or standard 
deviation of a signal, calculate an FFT, 
compare several signals, or use FIR fil- 
ters — all in real-time! We call this intelli- 
gent data acquisition and control. 


And if you need to do post acquisition 
analysis, vou can PT your data back 
through NOTEBOOK for further reduc- 
tion, use LABTECH's FFT or Curve Fitting 
programs, or you can call your favorite 
analysis program. With our Real Time 
Access option, you can move the data to 
your favorite analysis software or a 
custom-written program while it is being 
collected. 


For information on where to buy and a 
list of interface hardware supported by 
LABTECH NOTEBOOK, write Lab- 
oratory Technologies today or call 
(617) 657-5400. 


LAHTECH NOTEBOOK is sompalibie with: Hardware IBM PC XT 
AT of compatibles and most instrumentation intersces 


Laboratory Technologies Corporation 
400 Research Drive, Wilmington. MA 01887 
(617) 657-5400 
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C without program- 


COPROCESSOR BOTTLENECKS 


float sa,b,c,1686,11,12.1n,l1nli.n8,.nl.n2,p.q,rs»1 26,5s,t.ví1211(31: 
int n; 


/* Put EGA in hi-res graphics mode & initialize pallette. */ 
video int (8x10)? 
for (n=@:n<16sn++) 

video int (6x188@,nt({palette(n)<<B}); 


/* Print title & start timing. */ 
@ifdef Intel 
printf (*\n\n\t\tc 88387 Phong Shading Demonstration\n"); 
telse 
print f{”\nin\tit Weitek 1167 Phong Shading 
Demonstration\n*} ; 
tendif 
printé(*\n\o\n\n\n\nin\a\n\n\ninin\aln \nl\n\n\n\al\n\n"}; 
etart=clock({); 


/* Pixel aspect ratio. */ 
aw1.3; 
/* Screen center caordinates. */ 
bs.5* (d(8)-1); 
€2.5* (d[1]-1); 
/* Unit length light source vector. */ 
1@=-1/sqrt (3.); 
11816; 
])29-18; 
/* Ratio of circumference to diameter of a circle. */ 
pis4*ataníl.); 
/* A dozen vertices evenly spread over a unit sphere. */ 
v[@] (8) 7-8; 
v[@i€1)=@; 
v(@) (2)=1; 
g=sqrt(5.); 
for (ielsi<llrit+) { 
p=pi*i/5; 
v({1] [@)=2*cos(p)/s; 
v(1)[1])=2*sin(p) /s; 
wii) f2)=—(1.-1%2°2)/s; 


} 

¥ [11] (8) =; 
v[11] (1) =@; 
v[11] (2)=-1; 


/* Loop ta Phong shade each pixel. */ 
y maxecer; 
y min-2*c-y max; 3 
for (y=y_minzy<ey max:y**) ( 
s=y-c; 
nl=s/r; 
1nislli*ni: 
Swr*y-g*g; 
x maxebsa*sqrt (s); 
x min-»2*b-x max; 
for (xex min:x«ex max;xt**) [ 
t=(x-b) /az 
n@=t/r; 
twaqrt(s-t*t); 
nzwt/r:i 
/* Compute dot product and clamp to positive value. */ 
lnsl8*n8-1nlt*12*n2; 
1f (ln«80) lnsB; 
/* cosi(ie.r)**27 */ 
Cm1n*n27 
ti-t-]12; 
t*-t*t; 
t*st*t; 
t*er*t; 
/* Nearest vertex to normal yields max dot product. Get 
its color. */ 


continued 
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Microsofts | Besides all these 
QuickBASIC 4.0 is SE advances in the environ- 
no longer your basic " ment, Microsoft QuickBASIC 
BASIC. Now, because 4.0 gives you a sophisticated 


” collection of language extensions: 

records, recursion, huge arrays and 

P" true functions. Theres even interlanguage 

ne program and see the results. " calling that lets you call subroutines from 

Instantly. Which is why we call it other Microsoft languages. 

"instant programming. And if you think all this means you might 
Other compilers make you wait while they have to give up phenomenal execution 

compile your program at an unimpressive peed, think again. Microsoft QuickBASIC 

rate of 12,000 lines per minute. But Microsoft — 4.0 gives high performance executable code 

QuickBASIC 4.0 translates your program _ thats the fastest anywhere. 

into executable code at a breathtaking About the only thing that isn't more 

150,000 lines per minute. You get all the speed advanced in Microsoft QuickBASIC 4.0 is 

you can possibly use right when you need the price. 

it. While you're developing your program. Its still just $99. And it's still backed with 
And for the first time in BASIC, you'll a 30-day n back guarantee. Microsoft 

find the most sophisticated debugging tools QuickBASIC 4.0. 

around. Like the freedom to change a run- To make a quantum leap in your pro- 

ning program on the fly. Without restarting. gramming, you need a quantum leap in 

And you also get instant syntax checking, your language. 


h ons, | ime " è 
=a MIL S Microsoft. QuickBASIC 40 


For the name of your nearest Microsoft dealer, call (800) 541-1261, Dept. A44. 
Microsoft is u registered trademark of Microsoft Corparatina, Offer valid in the 50 Linited States oniy. 
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of a revolutionary break- 
through, you can run, test, 
debug, then continue running 


for (i190, pe@;1i<11;1++) 


COPROCESSOR BOTTLENECKS 


if (p«(gq-n8*v[ii[8]onl*v[i][li*n2*v[i][21?) í 


peq: 
kecolors[i]; 


) 


/* Aggregate ambient, diffuse, 


do dither. */ 


& specular intensities à 


ie-k-2.542.5*1nst(randome37*random*1)/$5536.; 
/* Clamp values outside range of three color levels to 


black or white. */ 
if (i«k-2) 
draw dot); 
} 
} a 
stopeclock(): 
reg reset(); 


1-8; else if (i>k} 1-15; 


Princ£¢*\t\c\t\tTime = ¢3.2f seconds", ((dauble) {stop- 


startj])/CLEK TCK); 


while [clock()-stop«S*CLK TCK); 
/* Put EGA in 8@-column mode. */ 


video int (0x3); 


Listing 2: Sample of compiler output for ihe 80387. 


x Ser*"r-3*73; 


fid 
fsqr 
fld 
fagr 
fsub 
fstp 


8214 dł 
82171 dé 
0219 d9 
@Zl< dB 
QZle de 
0229 


dword ptr -5$[bp] 


dword ptr -68[bp] 


dword ptr -68(bpj 


: x maxeb*a*sqrtís); 


8223 fld 
98226 
82248 
822b 
g22e 


8231 


Emul 
fadd 
call 
mov 


faqrt 


dword ptr -68 [bp] 


dword ptr -4[bp] 
dword ptr -8[bp] 
.Whwtrunc 

@FONGBALL+84,ax 


Listing 3: Sample of compiler output for the Weitek 1167. 


80387 instructions, the program takes & 
minutes to complete. Adding a 20-MHz 
80387 reduces the execution time to a lit- 
tle more than 28 seconds. Finally, the 
Weitek memory-mapped coprocessor cuts 
execution time by about 3 times, down to 
only 10 seconds. The 200 percent perfor- 
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j ser*r-a*3; 

603BB 64:a2 8719 wload .S fr2,fr25 ; mov al,fs:[) 

838c dza? 8B1la wmu l S8 fr2,fr2 zs mov al,fs:[] 

0398 64:a2 Bb'"7a wmu 1 .S fr26,fr26 ; mow al, fs:[] 

8394  64:a2 107a wsub .S fr26,fr2 ; mov al,fs:[] 

5 X max=b+atsgrt (3); 

0396 64:a2 4714 wcvtsd .S fr2,Ēr26 ; mov al,fs:(] 

339c 66:64:f£ 36 B8c18 push 8 fr2 : push fs:(] 

B3a2  66:64:ff 36 Bclc push .S fr3 ; push fs:í] 

83aB ef ----e call sqrt 

@3ab 64:a2 45al wevtsd .S fr4,fri3 : mov ai,fs:[] 

@3af 64:a2 45a8 wcvtad .5 fr6é,frl2 ; mov al,fs:[] 

83b3  64:a2 889a wmu1l .D fr2, fré : mov al, fa:[] 
| @3b7 64:a2 8898 wadd „D fr2,fr4 ; mov al,fs:[] 

8Q3bb 64:a2 bela wfix .D fr2,.fr2 : mov al,fs:[] 

Q3bf 66:64:al Bel8 wstor .D fr2,eax 3 mov eax, £s:(] 
| @3e4 66:6f a4 c2 10 shld edx, eax, 16 

§83c9 a3 8854r may G@FONGI167+72, ax 


mance improvement was achieved by sim- 
ply recompiling the source code with no 
hand-coded optimuzations. 

Samples of the compiler output for 
both the 80387 and the Weitek 1167 are 
provided in listings 2 and 3. When com- 
piled for the 80387, the code liue 


s—r*r-—s*s is translated into the code 
stream in listing 2. 

The same equation is translated into 
1167 memory moves by the compiler 
when the Weitek coprocessor is selected. 
The Weitek object code shown in Listing 3 
makes efficient use of coprocessor regis- 
iers. The equation result s (sa-—r*r— 
ss), for example, is not stored back into 
the 80386 but is left in the coprocessor 
register file and is then used by the in- 
struction (x max —-b--a*sqrtí(s)), thus 
minimizing the data transfers between the 
microprocessor and the coprocessor and 
freeing up the system bus. 


Programming for Performance 
When writing high-level language code 
for a memory-mapped coprocessor, some 
simple techniques can lead to significant 
performance improvements in the com- 
piled code. First, variables used only in 
specific subroutines can be defined as 
local variables. The compiler then allo- 
cates such variables to coprocessor regis- 
ters and will not store them back to main 
memory at the end of each instruction. 

[n the case of the 1167, the assembly 
language programmer has access to spe- 
cial instructions not otherwise available 
to compiler users. The multiply-accumu- 
late (wfmac) instruction is an example. 
This instruction, useful in implementing 
matrix multiplications, specifies the mul- 
tiplication of the two input operands, fol- 
lowed by the addition to a previously cal- 
culated partial result. A single memory 
move can then specify two floating-point 
instructions (multiply and add), further 
decreasing the burden on the system bus. 

Additional assembly-level instructions 
that can improve the system perforniance 
are block moves—that is, moves of blocks 
of data to or from adjacent memory loca- 
tions. A block move effectively encodes a 
stream of floating-point instructions. It is 
useful in loading and unloading the entire 
contents of the coprocessor register file, 
as well as in implementing vector adds 
and multiplies. 


Boiling Down 
Accelerating floating-point performance 
boils down to more than just clock rates 
and the size of machine words. We need 
the hardware assistance of dedicated 
ALUs and multipliers. But equally im- 
portant is the need for efficient ways to 
move data and instructions between the 
main processor and the math coprocessor. 
Removing the coprocessor instruction 
stream from the data bus—using the ad- 
dress bus to transmit op codes—leaves 
more room for passing operands. This 
strategy is one way to increase data bus 
bandwidth and improve processor/co- 
processor interaction, W 


FLOATING-POINT PROCESSING 


The Intel 80387 vs. The Weitek 1167 


AS THE OTHER articles in this section 
explain, the new generation 80386 float- 
ing-point hardware improves upon the 
math coprocessors previously available. 
To find out if they really deliver on their 
collective promise to enhance floating- 
point performance, | ran several tests to 
determine how the 80387 and Weitek 
WTL 1167 stacked up. 

The Compaq 386/20 lets you use this 
new generation of math coprocessor. 
While the 80387 is a single chip, the 
Weitek [167 is a set of three chips de- 
signed to work in parallel with the Intel 
80386 and provide floating-point per- 
formance superior to the 80387. Com- 
paq supplies this coprocessor on a clev- 
erly designed Weitek Coprocessor 
Board that also has an 80387 socket. 
This unique ability to use both coproces- 
sors within the same computer gave 
BYTE the opportunity to compare the 
floating-point performances of both. 

Compaq's Weitek Coprocessor Board 
comes in a kit costing $1999 that con- 
tains the coprocessor board, a special 
interconnection board, a 38-page instal- 
lation guide, and a tool for removing the 
80387 from its socket. The board has a 
PC-form factor with a standard PC-card 
edge connector for mounting it in the 
computer. The interconnection board 
plugs into the 80387 socket on the Desk- 
pro's motherboard and attaches to two 
male connectors on the coprocessor 
board, opposite the PC edge connector. 
This second pair of connectors lets thc 
computer communicate with the 80387 
when it's placed on the coprocessor 
board. Because of the location of the 
motherboard's 80387 socket, you must 
install the Coprocessor Board in slot 2. 

The installation guide uses photos and 
detailed text to guide you step by step 
through the board installation. How- 
ever, the disassembly procedure used is 
complex: You are required to remove the 
Deskpro's entire motherboard just to re- 
move the 80387 and install the intercon- 
nection board on its socket. I used a 
shortcut by removing the reinforcement 
bracket, the RF shield, and the 32-bit 
memory board in slot 1. This saved me a 
lot of disassembly work and having to 
run SETUP to reconfigure the system. 
(My guess is that Compaq wants you to 
go through the elaborate disassembly 
process to avoid stressing the mother- 
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board when the interconnection board is 
attached.) 

When you have removed the 80387 
from the computer, you then place it in 
the 80387 socket on the coprocessor 
board. Once the 80387 is in place, you 
mount the coprocessor board by very 
carefully sliding it (since you have three 
connectors to mate instead of one) into 
slot 2. 


The Tests 

I ran a number of benchmarks (compiled 
with MetaWare's High C version 1.4) to 
test both the Weitek coprocessor and 
80387's handling of floating-point oper- 
ations, transcendental functions, and a 
mix of the two. A compiler switch di- 
rected High C to generate either Weitek 
coprocessor- or 80387-specific instruc- 
tions. The transcendental run-time li- 
braries are from Weitek and licensed to 
MetaWare for use with its compiler. I 
used Phar Lap's version 1. 1t Linker and 
DOS Extender to run the benchmarks in 
the 80386 protected mode. 

The Float and Calcpi benchmarks are 
floating-point intensive. Calcpi com- 
putes the value of x from a Taylor series 
expansion. Although the arctangent is 
used in Calcpi, it is used only once, so 
that benchmark can safely be said to be 
floating-point intensive. The Whetstone 


and John Walker's Fbench benchmarks 
are representative of a mix of Floating- 
point and transcendental functions. The 
Whetstone has few transcendental func- 
tion calls, while the ray-tracing algo- 
rithms in Fbench make heavy use of 
them. Finally, Dr. Dobbs' Savage 
benchmark uses only transcendental 
functions. 

The results are shown in table 1. As 
you can see, the Weitek coprocessor eas- 
ily outperforms the 80387 in floating- 
point operations. However, only a mod- 
est gain in performance is seen with the 
transcendental functions, notably with 
the Savage benchmark. This is because 
the WTL 1167 supports these functions 
as run-time libraries, not in silicon. The 
mixed-instruction benchmarks (Fbench 
and Whetstone) are probably more rep- 
resentative of real-world applications. 

Since the benchmark programs are 
coded in C, all floating-point values are 
processed as double-precision. You can 
obtain better performance using single- 
precision values. it 


Jom Thompson is a BYTE technical 
editor with a BSEE degree from Mem- 
phis State University. He can be con- 
tacted at BYTE, One Phoenix Mill 
Lane, Peterborough, NH 03458, or 
on BIX as "tom | :hompson. ” 


Table 1: The Weitek Coprocessor Board ran 7 percent to 68 percent faster 
than the 80387 processing double-precision numbers in our benchmarks. 


Weitek 1187 
Fbench 8,35 
Float 0.35 
Savage 2.63 
Calcpi 
Looptime 0.14 
Benchtime 0.98 
KiloFLOPs per sec. 590.99 
Whetstone 
Execution time 0.35 
Whets per sec. 2906469 


Intel 80387 % Improvement 

4.01 16 

1.03 66 

2.84 i} 

1.37 

3.11 68 
287.40 

0.57 38 
1759199 


A Compaq 386/20 with 20-MHz §0386/80387 was used with Compaq s 

Weitak Coprocessor Board. One thousand iterations were run for tha Fbench test, 
and 125,000 iteratons were executed for Calopi. All times are in seconds. 
“Improvement” indicates the improvemant in execution speed compared to 


the 80387. 
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Who can explain the mysteries of 
nature? Such as why lightning always 
seems Lo blackout the power and your 
PC, just as voure putting the finishing 
keystrokes on an 87-page report? 

Thats where Deja View™ flash- 
back software comes in, 

Deja View runs on your IBM PC, 
PS/2 or compatible, automatically 
protecting your work in progress from 
power failures and surges. Accidentally 
pulled plugs. Frozen keyboards. System 
crashes, Unintentional reboots, inad- 
vertently deleted information on your 
screen. And a thousand other poten- 
tial disasters. 

Even after your PC goes down, 
Deja View will flash you right baek to 
where you were before the problem. 
And you can continue as if the mishap 
never occurred. 

Deja View is a non-copy-protected, 
memory-resident utility that runs 
along with your application program. 

It automatically copies all of your PC's 
RAM and video memory onto your hard 
disk, saving your work in progress. 

You decide the frequency of the Auto- 
Save function, by number of keystrokes 
or specified time intervals, Or use 

the Save-Now key as needed. 

Deja View also lets you flip back 
and forth between two different 
applications by depressing just three 
keys. You dont need to save work files, 
exit one application, and then load the 
new application and work files. 

Now Lheres no need to buy an 
expensive battery back-up system. 
With à price of only $95, can you really 
afford to be without Deja View? 

So call Meridian Technology 
today, or see your local dealer. And if 
disaster should strike, you ll know your 
work in progress is safe, And youll be 
glad you've experienced Deja View. 

[nsa View amid Tue Dor lose it are trademarks af Meridian 


Technology, he; Other products ane trademarks nfi heip 
manua tures 


DÉJAVIEW ` 


Use it or lose it." 


MERIDIAN TECHNOLOGY INC Will 
7 Corporate Park, Sufle 100 
irvine, CA 52714. (714 ) 361-18 


Youre about | 
fo experience — 


Deja View 
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FLOATING-POINT PROCESSING 


Programming 


the 80387 Coprocessor 


A look at the differences between this FPU and its older cousins 


THE 80387 CHIP is à math coprocessor 
for the 32-bit 80386 microprocessor. The 
80387—actually called a Numerics Pro- 
cessor Extension (NPX) by its maker, 
intel Corp.—implements the [EEE 754- 
1985 Standard for Binary Floating-Point 
Arithmetic and provides numerics capa- 
bilities that include support for floating- 
point, extended-integer, and binary- 
coded-decimal (BCD) data types. The 
68-pin 80387 operates independently of 
the real, protected, and virtual-8086 
modes of the 80386. 

While maintaining upward object-code 
compatibility with the 8087 and the 
80287, the 80387 contains a variety of 
new instructions, including instructions 
to compute sine and cosine functions, and 
it extends the capabilities of many exist- 
ing instructions. Obiect-code compatibil- 
ity ensures that any program running on 
the 8087 or the 80287 will run on the 
80387 without recompilation. 

Let's look at the key differences be- 
tween the 80387 and the earlier 8087/ 
80287 floating-point units (FPUs). For a 
description of the performance character- 
istics of the 80387, see the text box 
“80387 Performance" on page 212. 


Architectural Overview 

The 80287 was designed before the final 
IEEE-754 standard was approved. The 
80387, on the other hand, fully conforms 
to the standard, including automatic nor- 
malization of denormal operands, sup- 
port of only the affine interpretation of 
infinity (the 80287 supports both affine 
and projective interpretations), and IEEE 
754-compatible unordered and partial 
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remainder instructions. 

The programmer of an 80386/80387 

computer system can view the 80387 as a 
means to add extra registers, new data 
lypes, and trigonometric, exponential, 
and arithmetic instructions to those of the 
80386. 
* Register set: As figure 1 shows, an 
80387 contains a set of eight 80-bit gen- 
eral-purpose registers that are individ- 
ually addressable, plus three 16-bit regis- 
ters and two 48-bit registers. The general- 
purpose registers are organized in the 
form of a stack. The top of the stack is 
designated by the TOP field of the 80387 
status-word register (described later). 
Numeric insiructions address the eight 
general-purpose registers relative to the 
top of the stack. In the rest of this article, 
PIL use ST to indicate the top of the stack 
and ST(é) (with i = 0,...,7) to represent 
the ith register from the top of the stack. 

The three 16-bit registers in the 80337 
are known as status-word, control-word, 
and tag-word registers. The overail state 
of the 80387 is stored in the status word. 
The control-word register is used to con- 
trol processing options in the 80387. The 
tag word indicates the contents of cach 
register in the general-purpose register 
stack. 

The function of the tag word is to opti- 
mize the B0387's performance and stack 
handling by making it possible to distin- 
guish betwcen empty and nonempty reg- 
ister locations. It also allows program- 
mers of exception handlers to check the 
contents of a stack location without the 
need to perform complex decoding of ac- 
tual data. 


The 48-bit instruction and data-pointer 
registers provide for user-written excep- 
tion handlers. These registers, which are 
actually located in the 80386, can be ref- 
erenced only by a subset of 80387 in- 
structions and are used by the 80386 to 
save the instruction address, the operand 
address (if any), and the instruction op 
code whenever the 80386 decodes an 
80387 instruction. 

* Data types: As figure 2 shows, the 
80387 supports seven data types in three 
different formats—binary integer, BCD 
integer, and binary real. Internally, all 
numbers are stored in the extended-preci- 
sion real format. 

* Special numeric values: A real number 
in the 80387 has three parts— sign. signi- 
ficand, and exponent. The 1-bit sign indi- 
cates whether the number is positive or 
negative. The number's significant digits 
are held in the significand field. The ex- 
ponent field determines the location of 
the "decimal" point within the signifi- 
cant digits, 

The data format of the 80387 aíso per- 
mits representation of special numeric 
values. A significand of 00,.,00B 
(B- binary) and a biased exponent of 
00...00B represent the value 0. A 0 
can be positive or negative. Infinity is 
another special numeric value, repre- 
sented by a significand of 1.00.. .00B 
and a biased exponent of 11... 1! B. The 

continued 


Prakash Chandra is a technical market- 
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80387 allows both positive and negative 
infinities. A third special case represents 
denormal numeric values that occur in 


80387 Data registers computations involving extremely small 


79 78 64 53 numbers. Use of denormal values allows 


— — BN the gradual loss of precision in computa- 
tions on small numbers. 

Peedi  —— nM The class of real numbers represented 
by an exponent of l}... 1 [B and a sigmt- 

new WEN icand of anything except 1.00. . -00B is 

Ras STS termed a NaN (not a number). The 80387 
uses two classes of NaNs—signaling 
The 80287, on the other hand, employs 
QNaN in the 80387. 

pem | ese A signaling NaN has a 0 in the most 

mer Sort significant bit of its significand. Al- 
though the 80387 never penerates a sig- 

naling NaN itself, it recognizes signaling 


| NaN operands and causes an invalid-op- 
Control register Instruction pointer | eration exception whenever an arithmetic 
operation is performed on a signaling 

| Slatus register Data pointer NaN operand. 
Tag word _ For example, a compiler could use the 
signaling NaN to detect the use of a vari- 
able in a program before the vartable has 
heen initialized. This can he done by ini- 


Figure 1: The register model of the 80387. tializing all variables declared in a pro- 
E ——— ————— 10. a ë MA O bea signaling NaN. Iw variable 


Data .. | Most significant byte Highest addressed byte 
formats mange (Fronde 
EO ————— Á——M———áÓPÁALU€ ee en E. D LR Uu I o ml A 


Dmm] Tes 
Word integer 10 | complement) 
15 0 
; E m ee 
(Two's 
mj e eeN 


Packed BCD 18 digits S| x | dir Gig, dis 


precision 
precision 


EUM "m a ipti = ] 
precision 


64 63^ 


(1) 3 = Sign bil (O = positive, 1 = negative) 

(2) d, = Decimal digit (t (two per type) 

(3) X = Bits have no significance; 80387 ignores when loading, zeros when storing 

(4) 4 = Position ol implicit binary point 

(5) | = Integer bil of significand; stored in temporary real, implicit in single and double precision 

(6) Exponent bias (normalized values): single: 127 (7FH); double: 1023 (3FFH); extanded rea}. 16383 (3FFFH) 
(7) Packed BCD: (- 1 (Diz ..Do) 

(8) Real: ( — 1)* (28925) (FF...) 


Figure 2: The data types supported by the 80387. 
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I$ used in an arithmetic operation before 
it has been initialized. it will cause the 
operation to be performed on a signaling 
NaN. If the invalid operation exception 
were unmasked, an exception would 
occur to idenufy the offending variable. 

A quiet NaN in the 80387, which con- 
tains a i in the most significant bit of its 
significand, behaves the same way as a 
NaN in the 80287. 


New Instructions in the 80387 

The 80387 contains seven new instruc- 
tions not in the 80287. Of these, three are 
transcendental instructions, three are un- 
ordered compare instructions, and one is 
an [EEE-754 partial-remainder instruc- 
tion, Table 1 summarizes these new in- 
structions. The text box "Processor Ini- 
tialization and Control" on page 210 
explains another key difference between 
the 80387 and 80287, 

* Trigonometric instructions: The trigo- 
nometric functions accept a practically 
unrestricted range of operands. The in- 
struction FCOS compules the cosine of the 
contents of ST and replaces it with 
COS(ST), The value contained in ST must 
be in radians, and its absolute value must 
be less than 2%, If the operand is within 
this range, the C2 bit (the eleventh bit) of 
the status word is cleared. The C2 bit is 
set to | if the operand of FCOS is outside 
the range and ST remains unchanged. 
The instructions FPREM and FPREM1 can 
be used to reduce the operand to a speci- 
fied range. 

The FSIN instruction works the same 
way as the FCOS instruction. It replaces 
the contents of ST, which inust be ex- 
pressed in radians, with SIN(ST). The 
operand range restriction for FCOS also 
applies for FSIN. The FSINCOS instruc- 
tion computes both the sine and the co- 
sine of the contents of ST. First, the con- 
tents of ST are replaced by SIN(ST), and 
then COS(ST) is pushed onto the stack. 
The operand range requirements tor FCOS 
apply to FSINCOS, too, 

* Unordered compare instructions: In 
addition to all the compare, test, and ex- 
amine operations of the 80287, the 80387 
offers three new instructions— FUCOM, 
FUCOMP, and FUCOMPP—to perform un- 
ordered comparisons. The FUCOM in- 
struction operates like the FCOM (compare 
real) instruction in that it compares the 
value on the top of the stack to the source 
operand, where the source operand can 
be in a register or on the stack, or a sin- 
gie- or double-real memory operand. 
This instruction will not, however, gen- 
erate an invalid-operation exception if 
one of the operands is a NaN. Table 2 
shows the values of the condition code 
bits in the status word (bits 9, 10, 11, and 
15) for various situations. If either oper- 
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and is à NaN. the condition bits of the sta- 
ius word are set to unordered. 

FUCGMP and FUCOMPP behave like 

FUCON and also pop the stack once and 
twice, respectively. 
e JEEE 754-compatibie remainder in- 
struction; The IEEE ?54-compatible 
partial-remainder instruction tn the 
80387, FPREM1, computes the remainder 
of tbe division of ST by ST(1). The result 
is stored in ST. The instruction finds a re- 
mainder r and a quotient g such that 


r— ST — SI(l) Xa, 


where g is the integer nearest to the exact 
value of ST/ST(1). FPREM1 always pro- 
duces exact results. and therefore the 
80387's rounding contro] mode has no 
effect on the result. 

If the FPREM1 instruction is used on 
operands that differ greatly in magnitude. 
it can consume large amounts of time and 
will also increase the computer's inter- 
rupt latency, since the 80387 can be in- 
terrupted only between instructions. The 
instruction, therefore, may terminate be- 
fore the calculation has been completed. 
If this happens, the C2 bit of the status 


The 80387 provides 
the system designer 
with significant 
enhancements in 
features and speed 
over the 80287. 


word 1s set, indicating incomplete calcu- 
lation. The contents of ST in this case 
contain only the partial remainder. 
FPREM1 can reduce the exponent of ST by 
up to (but not including) 63 in one execu- 
tion. If the reduction is complete, the C2 
bit of the status bit is set 10 0, and C3, C1, 
and CO contain the least-three significant 
bits of the quotient generated. The 
FPREM1 instruction differs from the 
8087/287 instruction FPREM in two ways: 


|. Remainder r produced by the instruc- 
tion FFREM is in the range Ò « r « 
connnued 


Table 1: The new instructions added to the 80387 instruction set. 


Instruction Function 


FCOS 
FSIN 
FSINCOS 
FUCOM 
FUCOMP 
FUCOMPP 
FPREM1 


Cosine 
Sine 


Sine and cosine 

Unordered compare regal 

Unordered compare real and pop 
Unordered compare real ano pop (twice) 
IEEE Standard partial remainder 


Table 2: The values of the condition cude bits in the 80387 status word for 


various conditions. 
Order C3 (ZF) 
(Bit 15) 


ST > operand 0 
ST « operand 0 
ST «operand 1 
Unordered 1 


C2 (PF) 
(Bit 11) 


80388 
Conditional 
branch 


Co (CF) 
(Bit 9) 


| JA 
1 J8 
a JE 
JP 


Table 3: The operand ranges for the 80387 compared te the 80287. 


80387 
Operand range 


Instruction Funotion 
FPTAN 
FPATAN 
F2xM1 
FSCALE 


Partial tangent 
Arclangent 
p= 7 
Scale 


|ST{O}| « 263 
Unrestncted 
-150g 1 
Unrestricted 


80287 
Operand range 


STO « x14 
(STO) < IST) 
Ox STI) e05 
Undehned in Q « |ST(1) <1 
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IST], or -IST(D| < r x 0, depend- 
ing on the sign of the dividend. FPREM1, 
on the other hand, produces a remainder 
r such that —|ST(D[/2 < r < |ST(1)|/2. 
2. The low-order three bits of the quotient 
as reported in the status word bits C3, 
C), and CO may differ by 1 in some cases 
because FPREM1 and FPREM choose the 
value of quotients differently. 


Extended Operand Range 

The 80387 has extended the operand 
ranges of four instructions: FPTAN, 
FPATAN, F2XM1, and FSCALE. Table 3 
compares the operand ranges for the 
80387 with those for the 80287. 

The allowed operand range for the 
FPTAN (partial tangent) instruction in the 
80387, which computes the function y = 
TAN(ST) (ST is in radians), is [ST(O)! < 
2%. The corresponding range for the 
80287 is |ST(0)| < 2/4. The FPTAN in- 
struction reduces the operand internally 
using an internal x/4 constant, which is 
more accurate than the value obtained 
using a constant instruction like FLDPT. 

The F2XM1 instruction in the 80387 
computes the function y = 2* - 1, 7l g 
x < 1. This represents an increase in the 
range (rom O < x « 0.5 in the 80287. 

Instructions FPATAN (arctangent) and 
FSCALE in the 80387 have unrestricted 
operand ranges. The arctangent instruc- 
tion FPATAN computes the function 8. = 
ARCTAN(y/x), where x and y indicate 
the contents of ST(O) and ST(1), respec- 
tively, Although the range of the oper- 
ands is unrestricted, the range of the re- 
sult depends on the relationships between 
the operands, as shown in table 4. 

FSCALE. which scales the top of the 
stack by the power of 2 given in ST(1), 
has no restriction on the range of value in 
ST(1) as the 80287 did. If0 < [ST(1)| < 
|, the sealing factor is taken to be O in the 
80387. This contrasts with the 80287, 
which produces an undefined result. 


Rounding Control 

Constants 0, |, m, log,10, log.e, logio2, 
and In 2 can be loaded onto the 80387 
stack using FLDZ, FLD1, FLDPI, FLDL2T, 
FLOL2E, FLDLG2, und FLDLN2 instruc- 
tions, respectively. These constants have 
full extended-real precision (64 bits) and 
are accurate to approximately 19 decimal 
digits. The 80387 allows rounding of 
these internal constants according to the 
rounding control (RC) bits (bits 11 and 
12) of the control word. If the RC bit is 
set to the Nearest rounding mode, the 
80387 produces the same constant as pro- 
duced by the 80297. 


Denormal Operations 
The 80387 allows the use of denormal 
operands with FBSTP (packed decimal 
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Processor Initialization 
and Control 


D uring inirialization. of an 80386 
system. system software must rec- 
ognize the presence or absence of an 
FPU and set flags in the 80386 machine 
status word to reflect the state of the nu- 
meric environment. If an 80387 is pres- 
ent, it must also be initialized. 


Recognizing the 80387 

Listing A shows a routine to determine 
the presence of a coprocessor (8087, 
80287, or 80387), The algorithm First 
tries to determine if a coprocessor is 
present by examining the status and çon- 
trol words. An affirmative test confirms 


the presence uf a coprocessor. To lest 
for the presence of an 80387, both posi- 
tive and negative infinilies are generaied 
and their values compared. Since the 
80387 differentiates between positive 
and negative infinites. this comparison 
indicates that the two infinities are dif- 
ferent. The 80287, however, does nal 
differentiate between the two infinities 
This program sets the word al 
SS:FFFEH to Ô if no FPU ts present, to 1 
it an 8087 or 80287 is presem, and to 2 if 
an 80387 is present. Once this lest has 
been performed and the word at 
SS:FFFEH appropriately set, a program 


Listing A: A routine to check for the presence of a math coprocessor. 


dgroup group data 

cgroup qroup code 

cade segment public 'code' 
assume — ca:cgroup,ds:dgroun 


i Look for an 8887, B8287, or BO387 NPR. 
; Note tbat we cannot execute WAIT on BOüBG/BB if no BGH? is 


: Set word at 


test npx: 
fninit 
mov si,U0fffeh 


SS:FFFEH to 8 for no 


present. 
NPX, 1 for 8837 or B287, 2 
for 88387 


; Init NPX, must use non-wait form! 
7; Set offset of status variable 


; SS:FFFEH can be accessed at any time 


sub si,bp H 
xor dx,dx 


(BP*SI] points at SS:FFFEH 
; Clear NPX status flag 


mov word ptr [bp*si],5A5AH ; Initiallze temp Lo non-zero 


£Énst sw 


(bp*si) ; 


value 


Must use nón-walt form of Fstsw 


; It is not necessary to use a WAIT 


; after fnstsw or 


cmp [bpssi],dl 


jne set flags 


instruction 
fnstcw. 
here. 


Do not use one 


: See if correct status with zeroes was 


read 


: Jump if not a valid status word, 


meaning no NPX 


i: Now see if ones can be correctly written from the control 


f 8t cw ibp+si] - 


word, 


Look at the control word do not use 


WAIT form 


: Do not use a WAIT instruction here! 


BCD store and pop), FDIV (divide real). 
FIST (integer store), FISTP (integer store 
and pop), FPREM (partial remainder), and 
FSQRT (square root) instructions, This 
differs from rhe 80287. which raises an 


invalid-operation exception when denor- 
mal operands are passed to these 
instructions. 

Exceptions occur whenever the 80387 
receives an invalid operand or produces a 
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needs to just examine the value ai 
SS: FFFEH 10 determine which FPU is 
present. This can also be used to execute 
different code, depending on whether an 
80287 or an 80387 is present. 


80387 Initialization 

There is a difference in FPU initializa- 
tion between the 80287 and the 80387. 
Either the FINIT or FNINIT instruction 
initializes the 80387 to a state compat- 
ible with the state of the 80287 after 
FINIT or a hardware RESET. A hardware 
RESET of the 80387, however, leaves it 
in a state thal is not the same as its state 


after a FINIT or FNINIT instruction, — | 
The two states have these differences: 


|. The mask bit for the invalid-operatión 
exception is reset. 

2, The invalid-operation exception flag 
of the status word is reset. 

3. The exception-summary bit of the sta- 
tus word is set. 


These settings cause the FPU 10 assert 
the ERROR# ourpur to indicate that an 
80387 is present. [t is, therefore, neces- 
sary to execute an FNINIT instruction 
after a hardware reset of the 80387. 


"a 


“+ 


ax, [bp*si] 
ax, L83fh : 


AX, 3fh 


set flags 


Some numerics chip is instailed. 


; See if ones can be written by NPX 
See if selected parts of control word 
look OK 
; Check that ones and zeroes were 
correctly read 
; Jump if no npx is installed 


NPZ instructions and WAIT 


Are now safe. 


See if the NPX is an 80877287 or 90387. 
This code is necessary if a denormal exception handler is 


new 68387 instructions will 


used or the 
be used. 


inc dx ; Indicate 87/287 by default statussl 

£ldl ; Must use default control word from FNINIT 

fldz i Form infinity 

fdiv ; 8087/287 says +inf = -inf 

fld st ; Form negative infinity 

fchs ; 80387 says tinf <> -inf | 

fcompp ; See if they are the same and remove | 
them 

fstsw [pptsi] : Look at status from FCOMPP 

mov ax,[bp-*sil 

sahf : See if the infinities matched 

je set flaga ; Jump if R8B7/287 1s present 

An 86387 is present. If denormal exceptions are used for an 
8087/28), 

they must be masked, The 80387 will automatically normalize 
denorma | 


operands faster than an exception handler can. 


inc dx F 


set flags: 


mov [bptsi],.dx 


Set status variable to 2 
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result that cannot be. represented. When 
an exception occurs, the 80387 does one 
of thc following: 


]. Handles the exception itself by invok- 


ing the default exception handler. This 
happens when the exception is masked 
(i.e., the corresponding mask bit in the 
control word is set to 1). 

2. Signals the host (80386) that an excep- 


tion has occurred and invokes a user-sup- 
plied exception handler. This is the case 
when the exception is unmasked—that is. 
the mask bit in the control word is set 
to 0. 


Tvpes of Exceptions 

The 80387 recognizes six types of excep- 
tions: (l) invalid operation; (2) divide- 
by-zero; (3) denormal operand: (4) nu- 
meric overflow; (5) numeric underflow: 
and (6) inexact result, These six types are 
described in detail below. 

* Invalid operation: An invalid-operation 
exception occurs in two situations: An 
arithmetic instruction encounters an in- 
valid operand, or a stack operation results 
in a stack overflow or underflow. As de- 
scribed earlier. the 80387 recognizes two 
kinds of NaNs— signaling and quiet. An 
invalid-operation exception is usually 
raised only upon encountering a signal- 
ing NaN. The instructions FCOM, FIST. 
and FBSTP, however, flag an invalid- 
operation exception on quiet NaNs. The 
80287, on the other hand, signals an in- 
valid-operation exception upon encoun- 
tering any kind of NaN, since it does not 
differentiate between two NaNs. 

While the 80287 defines and supports 
special handling for pseudozero, pseudo- 
NaN. pseudoinfinity, and unnormal for- 
mats, the 80387 neither generates nor 
supports these formats and raises an 
invalid-operation exception whenever 
it encounters them in an arithmetic 
operation. 

* Divide-by-zero: A zero-divide excep- 
tion is reported whenever an attempt is 
made to divide a finite number by 0. This 
can happen in instructions like FDIV, 
FDIVP. FIDIV, FDIVR, FDIVRP, and 
FIDIVR that do explicil divides or in in- 
structions that do divides internally, such 
as FYL2X (yxlogax) or FXTRACT (extract 
exponent and significand). If the zero-di- 
vide exception is masked, the 80387 re- 
sponds by returning infinity signed with 
ihe exclusive-OR of the signs of the oper- 
ands in the case of divide (FDIV, etc.) and 
FYL2X instructions. For FXTRACT, ST(1) 
is set to negative infinity and ST is set to 0 
with the same sign as the original oper- 
and. [n the event of an unmasked divide- 
by-zero exception. the operands remain 
unchanged. 

* Denormal operand: The 80387 reports 
a denormal-operand exception whenever 
an attempt is made to operate an arith- 
metic instruction on a denormal operand. 
The masked response for the instruction 
is to set the DE-bit (bit 2) of the status 
word and to then proceed with the 
instruction. 

The 80387 does not raise an invalid- 
operation exception when it encounters a 

continued 
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50387 Performance 


he 80387 provides a considerable 
speed improvement over its predc- 
cessor, the 80287. This has been accom- 
plished by using a higher clock speed, 
an optimized core that takes fewer 
clocks per instruction than the 80287. 
and new transcendental instructions. 
Benchmark results on a system using a 
20-MHz 80386 and 80387 show that the 
Double-Precision Whetstone Perfor- 
mance Index for the 80387 is 1.8 mega- 
Whetstones, Whetstone is a measure of 
ihe number of floating-point computa- 
tions that can be computed by the pro- 
cessor per unit time. 
Using an 80387 in a Compaq Deskpro 
386/20 Model 30 reduces the time to re- 
move hidden lines from a sample draw- 


ing of the space shuttle using the Auto- 
CAD version 2.62 HIDE command by a 
factor of 2.6 over the 80287 used in a 
Compaq Deskpro 286 Model 40. 
(Source: Compaq Deskpro 386/20 Per- 
sonal Computer Features/Specifica- 
tions). 

For results of performance tests 
performed at BYTE on the 80387, see 
table | in "The Intel 80387 vs. the 
Weitek 1167" by Tom Thompson on 
page 205. 

Compilers available for the 80386 
from Green Hills, MetaWare, Silicon 
Valley Software, Language Processors, 
and Austec provide a switch for the 
8038 ? that allows the compiler to gener- 
ate in-line 80387 instructions. 


Table 4: The result range of operands depends on the relationship between 


the operands. 


Sign(y) Signi(x) 


It +4 + + 


pitti gr x 
d. 
Dn] 


ly! « ix|? 


Final result 


O « atan(y/x) « rid 

7/4 « atan(y/x) < x2 

si2 «atan(y/x) « 3 x wid | 
3 x gid e aianjyixj « 
— gid « Btan(y/x) « O 

—- g/d « alan(y/x) « — v/4 

—3 x «4 -catanífyix) « — zi2 | 

-xx«atan(y/x) € = 3 x gd 


Rounding Sign of 
mode true result 
To nearest * 
Toward - co + 
Toward +œ + 


Toward 0 + 


Table 5: The rounding modes of rhe 80387. 


Result 


+0 
-Q0 


Largest tinte positiva number 
—Q5 
+o% 

Largest finite negative number 


Largest finite postive aumber 
Largest inre negative number 


| 
Te EE 


denormal operand in FSQRT. FDIV. or 
FPREM, or upon conversion to BCD or to 
integer. The operation proceeds by first 
normalizing the value. The 80287 will 
raise an invalid operation in such cases. 
Furthermore, the 80387, in contrast with 
the 80287, reports a denormal exception 
if a denormal operand is found in tran- 
scendental instructions and in FXTRACT. 


* Numeric overflow and underflow: Mu- 
meric overflow and underflow excep- 
tions occur when the exponent of a nu- 
meric result is too large or too small, 
respectively, to be represented in the des- 

tination format. 
The masked response to the numeric 
overflow exception depends on rhe 
continued 
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CHUNG YU ELECTRONICS CO., LTD. 

PO. gt 30- 535 la TAIWAN, R.O.C. 

FAX, 886-02-3971968 TLX, 24451 CYELEC 
TEL, 002. 886. 02- 3918100. 3414596 


Introducing 4x488 " 


You get intelligent 
IEEE-488 and RS232 
ports to make instru- 
ment programming 
fast and easy. 
You can have up to 
4 Mbytes of memory 
on the same board for 
your largest programs, 
RAM disks, and data acquisition tasks. 
Compatibility is built-in so you can run your favorite programs } 
or create new ones with our advanced programming tools. 


audire nana Pt 


To get your FREE demo disk—call 617-273-1818. 


Capital Equipment Corp. 
Burlington, MA 01803 


The bottom line — IEEE 488. KS232, par. port, 4MB EEM LIM, runs DOS and 05/2. 
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rounding mode. Table 5 shows the results 
of the computation for various rounding 
modes. The masked response in the case 
of rounding mode set to chop (i.¢., to- 
ward 0) is to produce the most positive or 
the most negative number. The 80287 
will not report an overflow exception in a 
similar situation. It will, in fact, signal 
ovcrflow only when the rounding control 
mode is nof set to round to 0. 

IF the overflow exception is not masked 
in the 80387. it raises the precision ex- 
ception (inexact result). When the result 
ts stored on the stack, the significand is 
rounded according to the precision con- 
trol (PC) bits (bits 9 and 10) of the contro! 
word, or according to the op code. [n the 
80287, on the other hand. the precision 
exception is not reported, nor is the signi- 
l'icand rounded. 

The underflow exception is flagged by 
the 80387 if the true result is so small that 
il cannot be represented in the destination 
format, When the underflow exception Is 
masked, it is signaled when there is a loss 
of accuracy in the result. The 80287 will 
report the underflow exception on under- 
flow if rounding is toward Q. regardless of 
loss of accuracy. 

[f the underflow exception is un- 
masked and the result is to be stored on 
the stack, the significand is rounded ac- 
cording to the precision control bit of the 
control word in the 80387. The 80287 
does not round the significand on the 
stack. 

e fnexact result: If an operation produces 
a result thal cannot be represented exactly 
in the destination format, the inexact-re 

sult exception is reported. The inexact ex- 
ception is also raised in the evem of an 
underflow exception with a loss of 
accuracy . 

The 80387 does not give precedence to 
the denormalized exception, whether it is 
masked or not. [n the 80287, the un- 
masked denormal exception takes prece- 
dence over all other exceptions. 


Programming Examples 

Listing | shows an example of 80387 
code to compute y=e'. Note that e' = 
2° The program first checks to find 
out whether an 80387 or an 80287 is 
present. This is done by examining the 
value stored at SS: FFFEH. If an 80387 is 
present, the code takes advantage of the 
fact that the instruction F2XM1 accepts 
operands in the range -l< =z< =l. 
First, the largest integer X that satisfies 
the condition z Xlog;e = x + vis found. 
Note that all values of y satisfying the 
above condition must lie in the range 
-|< 2y« zi. The expression 2" is 
computed by computing the expression 
2' X|(2*— 1) + 1]. Slightly different code 
is used to compute e' if an 80287 is pre- 
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Listing 1: A code sample illustrating the use of 80387 instructions. 


; compute ez, assume Z is in ST 


FLD1 


CMP SS:BYTE PTR @FFFEH,1 ; 88287 or 86387? 


JE USE_287 
: 80367 found 
FLDL2E ; load log2e 


FMUL ST, ST(2) ; ST = Z * lagze 


FST 5ST(2) 


FPREM ; reduce ST between -1 and 1 F2XMI1 


FADD 

FSCALE 

FSTP ST(1) 
RET 
USE 287: ; 88287 found 
FLDL2E 
FMUL ST, ST{2) 
FST ST(2) 
FIST 

| JB NEG VAL 

| FPREM 

| FSCALE ; postitive value 
F2XM1 

| FSUBR 

FMUL ST, ST(9} 

FSCALE 

FSTP STil) 


; negative value 


FSUB 5T,5T (1) 
FMUL 5T,5T (6) 
FOIV 

FCHS 

FSCALE 

FSTP ST(1) 
RET 


functions, 


FST ST(1) ; STil) = ST = 2 
FMUL ST, ST(@) : ST = 22 
FLOL 

FSUBR ; ST = 1-22 

FSQRT ; ST = SQRT(1-22) 


RET 


sent, since the F2XM1 instruction in the 
80287 supports only operands in the 
range U< =z< —0.5, 

An example of how to compute the func- 
tion ARCSIN(z) is illustrated in listing 2. 
It makes use of the relationship ARC- 
SIN(z) = ARCTAN(z/SQRT(I —2z*)). 


New Look 
The 80387 provides the system designer 
with significant enhancement in features 


Listing 2: Sample code illustrating the use of built-in transcendental 


; compute ARCSIN(Z), assume 2 in ST 


PPATAN ; ST = ARCTANI(Z/SQRT(1-22)) 


and speed over the 80287. It fully con- 
forms to the IEEE 754-1985 Standard for 
Binary Floating-Point Arithmetic. While 
maintaining object-leve] compatibility 
with the 8087 and the 80287, it provides 
the 80287 set of f'loating-point instruc- 
tions with additional trigonometric, un- 
ordered comparison, and partial remain- 
der instructions. The operand ranges for 
some 80287 instructions have been ex- 
panded in the 80387. m 
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7 g “THE Ax STAR'S CPU PERFORMANCE 
Ji is IS SUBSTANTIALLY ABOVE THAT 
OF THE IBM PS/2 MODEL 60° 

-INFOWORLD 


Winter ian 
ren 


For about $5300, you could own an IBM PS/2 Model 60. But for as little as $1100, you 
could own a Wells American Ax Star that can outperform it. Of course, for nearly the same 
money as an A *Star, you could also own any number of Asian built no-name clones. 
But then you wouldnt be getting the exclusive ownership advantages that only 
the A xStar offers. Advantages like an 80286 CPU that runs the new MS OS/2 operating 
system and can also run at 6, 8, 10, 12, 14 and now...16 MHz! And you wouldnt be 
getting schematics. (Ours are free!) Or GE/RCA on-site maintenance. Or a no questions 
asked money-back guarantee. Oh, and there's one more little item you wouldnt get... 
peace of mind. Wells American has been making microcomputers longer than IBM! 
In fact, we've probably been making microcomputers longer than anybody! 


But hey, who are we kidding? Not everyone cares about quality, reputation, support or 
serviceability. That's why there are mail-order houses. And, as hard as it is to believe, not 
everyone cares about money or performance. Maybe that's why theres IBM (and 
Compaq...and all the others). But, for computer users who do care, there is, fortunately, 

a vendor who also cares.. Wells American. And, wed like to prove it to you. Call us with 
the page number of this ad. It's worth a big discount on your next Ax Star computer system. 
Call today. 803/796-7800. This offer is limited. 


«S» Wells American. 


Coporate Headquarters; 3243 Sunset Boulevard « West Columbia, South Carolina 29169 « 803/796-7800 - TWX 510-601-2645 
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FLOATING-POINT PROCESSING 


Floating-Point 
Survival Kit 


An insider's look at number-crunching fundamentals, 
Standards, benchmarks, and high-performance designs 


MICROCOMPUTERS HAVE NEVER 
been better at number crunching. In com- 
putation-bound applications. high-end 
microprocessors actually can outstrip 
some mimicomputers. And they're pet- 
ting better, 

The performance of the new 32-bit ma- 
chines is an order of magnitude greater 
than the old 80286-family devices. Now 
every vendor (of microprocessors, per- 
sonal computers. and workstations} is in- 
creasingly claiming magnificent pertor- 
mance levels on sundry benchmarks. 

While this is fun for the vendors, it can 
be confusing to purchasers. How can you 
judge how good a design might be for 
number crunching? What, if anything, do 
the various benchmarks mean? To help 
provide some answers, I'll review the 
fundamentals of floating-point arith- 
metit, examine some issues in building 
floating-point systems, skim over some 
benchmarks, look at how machine de- 
signers get high-performance floating 
point. and then wrap it all up with some 
words of advice. 


What Is Floating Point? 
Integer arithmetic is useful for many ap- 
plications. However, when an application 
needs to deal with a very wide dynamic 
range of values, integers fal] short. À 32- 
bit processor. doing integer arithmetic, 
can deal simply with a range of values 
where the largest value is no more than 
27 (about 4000 million) larger than the 
smallest, while a 16-bit machine can han- 
dic—with the same ¢ase—a range of just 
65,536 to 1. 

The need for wider ranges arises in sit- 
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uations as disparate as quantum cosmol- 
ogy (mixing subatomic dimensions with 
astronomical distances in the same pro- 
gram) and CAD (where the smallest com- 
ponents have tolerances im microns but 
the complete project covers some city 
blocks). 

We could deal with these situations bv 
doing multiword (¢.g., 96-bit} integer 
arithmetic with our processors, but it is 
usually more convenient to use floating- 
point arithmetic. Floating point buys— 
for a given bit budgel—a vastly wider dy- 
namic range in values. The price paid is 
that the answers have less resolution and 
the execution time or hardware cost is 
greater thàn if we had been able to stick 
with word-length integer arithmetic, 

A 32-bit processor doing integer work 
represents each integer as a word; all 32 
bits of the word are used to represent the 
size of the variable, A 32-bit processor 
doing floating-point work breaks each 
32-bil word up into two separate fields; 
one field is a number, while the other is a 
scaling factor for that number. Many 
choices are possible for the meanings of 
these two fields: For example. the value 
field could represent an amount in the 
range 0.25 to 0.5, while the scaling factor 
represents the number of places to shift 
the value field left (positive factor) or 
right {negative factor) tọ compute the 
value of the number. 

Doing arithmetic in floating point has 
a number of pitfalls; things don't always 
work the way you might expect. To illus- 
trate some of these issues, DIL work 
through some simple examples. First, 
let's adopt a floating-point format which 


packs an unsigned 24-bit value field (ihe 
mantissa, also known as the significand) 
and a signed &-bit scale field (the expo- 
nent) into a 32-bit value. The mantissa 
represents numbers in the range 0.25 to 
(nearly) 0.5 (so the most significant bit of 
the mantissa means 0.25, and the least 
significant bit means 275) and is un- 
signed to keep the examples simple. This 
format can deal with numbers in the 
range of about 0.25 x 27 150.5 x 2t, 
or about 107^ io 1*5, 

Using this representation. let's look at 
converting the values from fixed-point 
binary to floating point. Fixed-point 
binary represents numbers as /mteger- 
.Fraction, where Integer is a (possibly 
multiword) Dit pattern representing the 
integer portion of a number, and Fraction 
is a (possibly multiword) hit pattern rep- 
resenting the fractional part; the most 
significant bit of the fractional part has 
value 0.5, and the least significant bit of 
inieger has value 1, We shift the binary 
point in /nreger. Fraction unul its value 
lies in the range 0.25 to 0.5: that value be- 
comes the mantissa, The number of shifts 
required becomes the exponent of the 
floating-point number If the original 
number was larger than 0.5. we shifted it 
down, so the exponent is a negative num- 
ber; if the value was smaller than 0,25. 
we shifted the binary fixed point up, and 
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Pere Wilson, a computer architecture en- 
gineer at Prisma Inc., can be reached at 
5465A Mark Dabling Rd., Colorado 
Springs, CO 80918. When rhis article 
was written, he worked for INMOS Corp. 
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Implementing Floating Point 


mplementing IEEE floating point in 

hardware or software is not easy. 
First, the standard itself calls for some 
complex operations. Second, it matters 
to some customers thai the results are 
correct. (You wouldn't want an air traf- 
fic contro] system to have errors in the 
floating-point hardware used in the ra- 
dar systems 10 track the planes.) The 
combination is a nuisance because it is 
too complex to tesi—there are too many 
possible cornbinations to look at (sup- 
pose yoo wanted to test the double-length 
operations; then there are four operations 
(+,—,*,/) to be done on pairs of 64-bit 
numbers; this corresponds to 29 ******! or 
about 10°. At a nanosecond per opera- 
tion, this takes about 10 seconds, 
which is loo long to wait to bring some- 
thing to market, even if we had some 
means of getting the correct answers fast 
enough to do the comparisons.) 

Because of this, when INMOS de- 
cided to build the T800—a microproces- 
sor combining à 32-bit integer CPU, an 
IEEE floating-point unit (FPU), 4 kilo- 
bytes of memory, an eight-channel di- 
rect memory access (DMA) driving 
interprocessor communications chan- 
nels plus other facilities—il was neces- 
sary to take a different approach. 

“The approach was simple; if it's im- 
possible to show by testing thal the de- 
sign is correct, then it is necessary to 
create a design which is provably cor- 
rect. The situation is much the same— 
but noticeably more complex—as the 
exercises we did al school in geametry to 
prove relationships (e.g., the Pythago- 
rean theorem). The basis is to have a lan- 
guage of some form (Pythagoras used 
the language of peometry) in which you 
can describe the situation and which has 
appropriate rules that allow you to dem- 
onstrate that two statements in the lan- 
guage either do or don't mean the same 
thing. Then you write a description of 
IEEE arithmetic and a description of 
your design and show that they are 
equivalent. Then your design is correct. 

In practice, more than one language 
was needed. It was done like this: First, 
a description of IEEE arithmetic was 
written in a language called Z, which 
was created by Jean-Raymond Abrial 
and has been developed and used exten- 
sively by members of the Oxford Uni- 
versity Programming Research Group 
(PRG), with whom INMOS worked 
very closely in this project. Z was de- 
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signed to tackle the problems of specify- 
ing real systems. You specify things in Z 
quite straightforwardly; the example in 
figure A shows a Z specification of the 
range checking that needs to be done in- 
side IEEE arithmetic. 

The specification is labeled with its 
name and consists of a box with an upper 
and a lower portion. The upper portion 
is equivalent to the declaration section of 


a) Floating check integer range module 


a programming language; here it says 
that there is something called Areg that 
is a Floating Polnt Register, and 
something called Error Flag that is a 
Boolean, Both have values associated 
with them; the names are the values 
prior lo the operation, and the primed 
names are the values after the operation. 

The lower portion of the box contains 
constraints on the values that the things 


Areg, Areg! | FZoatirg Point nespgistev 


Error Flag, Error Flag’ i bool 


fvez 
Areg’ = Areg 


fy Arege [Minint, Haxint] — Error_Fiag’ 
fv Arege [MinInt, Maxint] — Error Flag! 


b) High-level Occam representation 


IF 
Areg.Exp < LargestINTEXp 
SKIP 


(Areg.Sign = NEGATIVE) AND {Areg.Exp = 
Largest INTExp} AND 


SKIP 
TRUE 
SetError(ErrorFlag) 


c) Low-level Occam representation 


SEQ 


{Areg Erag = M5Bit} 


AregsignNEGATIYE := (Areg.Sign = NEGATIVE) 
ExpZbus :- {Areg.Exp ~ Largest INTExp} 


ExpZbus := ExpZbus < 2 
IF 
ARegSignNEGATIVE 


/*... do the negative case */ 


NOT AregSlgnNEGATÍVE 
IF 

ExpZBRusNeg 
SKIP 

NOT ExpZbusNeg 


SetErroariíErrorFlag) 


Figure À: Example of the specification language Z and its equivalents in Occam 


and microcode. 


in the upper portion can have. Here fv is 
a function that returns the value of a 
floating-point register (Z is the set of 
floating-point values). We see thar the 
values of Areg before and after the oper- 
ation are the same; and we see thal 
whenever the value in Areg (looked 
upon as à floating-point number) is in 
the range [MinInt to MaxInt], the value 
of the Error. Flag after the operation is 


d) Microcode-like Occam 


INT Hexrinst: 
SEQ 


SURVIVAL KIT 


whatever tl was before, and that if the 
value in Areg isn't in that range, then 
Error Flag contains the value true 
after the operation. 

The first step in the exercise was to 
create specifications for all the opera- 
tions needed for IEEE arithmetic in this 
form to provide a formal specification of 
just what [EEE arithmetic is. The next 
step is to create an equivalent descrip- 


NextInst :- FloatingPaintCheckIntegerRange 


WHILE Nexcinst €» NOWHERE 


IF 


NextInst = FloatingPointCheckIAtegernange 


SEQ 


AregsignWEGATIVE := (Areg.Sign = NEGATIVE] 
Expebus := (Areg.Exp - LargestINTExp) 


ExpZbus := ExpZbus « 4 
IF 
ARegsSignNEGATIVE 


/*... do the negative case */ 


KOT AregSignNEGATIVE 
IF 

ExpZBRusNag 
NextInst :2 NOWHERE 

NOT ExpábusNeg 
NextInst :- OutntRanga 


NextlInsteOutOEfRange /* now setting error has 
its own microinstruction / 


SEQ 
SetEzrror (Errorflag) 
NextInst :- NOWHERE 

P9 aia 


8) Microcode version 


FlaatingPointChecklntegerRange: 


ConstantLargestINTExp 
ExpXbusFromAreq 
ExpZbusFromxbusMinusYbus 


other microinstructions */ 


ExpYbusFromConstant 


GOTO CondlFromAregSign ~> (Cond8FromExpZbusNeg -> 


(ess 


euni) y 


CondSFramExpZbusNeg -> 
(NOWHERE, OutOfRange) 


tion in another language—one that will 
be more useful in describing an imple- 
mentation with its microcode, registers, 
and other detailed nasties —and to prove 
that the Z description and the new de- 
scription are the same. 

The language Occam was chosen for 
thís; Occam has a formal semantics 
(i.e., every legal Occam statement has 
an unambiguous meaning) and so it is 
possible to demonstrate the equivalence 
of an Occam program to a Z specifica- 
tion. The Occam specification of the 
range-checking operation is shown; it is 
as close as practical to the Z specifica- 
tion. Proving that this is correct means 
proving two assertions—first, that there 
is an exponent (LargestINTExp) such 
that every register with a smaller expo- 
nent has a value in the range [MinInt- 
. .Maxint]; second, that a register with 
a negative exponent sign bit, an expo- 
nent of LargestiNTExp, and a mantissa 
with only the implied most significant 
bit set has a value of Minint. 

The Occam description is then moved 
a step closer to a real implementation by 
involving facilities and operations that 
are available from the microcode. This 
description is then itself taken and trans- 
formed yet again to use a microcode in- 
struction pointer. Finally, this last 
Occam representation 1s taken and con- 
verted into real microcode. 

To ensure thal these successive trans- 
formations are all correct, two methods 
are used. One is to use the formal se- 
mantics of Occam; you can demonstrate 
that two programs in Occam do or do not 
have the same effect (if they have the 
same effecr, if one is correct then the 
other one must he). The other is to use 
automatic translators—for example, get- 
ting microcode from Occam text can be 
done by a program which is analogous to 
a C compiler's preprocessor: It is a pat- 
tem-matching and textual-substitution 
program. 

Being able to do something “in prin- 
ciple" isn't quite good enough in prac- 
tice, and the design work wasn't done in 
the sequence outlined here. Rather, 
what happened was that the Z specifica- 
tion of the arithmetic was done first, and 
then an Occam implementation of the 
IEEE package that already existed (il 
implemented the floating point for the 
INMOS T414) was shown to be equiva- 
lent; this involved two transformations. 

continued 
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To do this. an Occam source transforma- 
tion system (written in the ML program- 
ming language and implemented by the 
PRG) was used. The transformation of 
the {now demonstrably correct) Occam 
into microcode was then done semiauto- 
matically using the textual-translation 
programs mentioned above. 

Because the translation programs 
weren't themselves proven correct, it is 
possible that the transformations they 
did were not correct. and so the aim of 
having a formally proven correct imple- 
mentation was itself not met. Nonethe- 
less, using the formal methods paid off 
very well. The first T800 appeared last 
February, and by that time it had already 
been decided to improve the perfor- 


Table A: Standard BYTE benchmark results, showing different 
compilers produce significant differences on the same T800-based 
PART. 1 machine (the PC AT results are included for comparison 


purposes only). 

Ls¢ 
Whetstone (single) 4,002,400 
Whatstone (double) N/A" 
Dhrystona 8634 13 
Fibonacci (sec ) 1507 
Float (sec.) 0.16" 
Savage (sec ) 02.67* 
Sieve (sec.) 6 39 
Sort (sec ) 4.55 


"IEEE singig-precision The version of the Logical Systems C compiler tested 
supports single-precision anthmetsc only 
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mance of the production machine by 
speeding up the floating-point multiply; 
other than that. though, there were never 
any floating-point errors discovered in 
the Rev A design. 

The first silicon of the faster design 
appeared in May, and it turned out a few 
idiosyncracies had slipped through the 
net. These errors were fixed in the cur- 
rent Rev C, which is now shipping in 
volume; one flaw still exists in the Rev 
C—if you divide infinity by infinity you 
get infinity rather than NaN, but this is 
taken care of by compilers and won't be 
visible to customers. From start of de- 
sign to volume production took INMOS 
just 18 months; this is much quicker 
than most design cycles for just co- 


PART.1 IBM PC AT 
ILC 8-MHz 8027 
N/A" NIA 
2,016,510 N/A 
5667 34 1590 00 
22 54 126.22 
0.27 10.98 
5.88 37.30 
6 14 24.60 
464 43 17 


Table B: Complex FFT benchmark results (not available for PC AT). 


Forward (ms) 


3.072 
6.592 
14.336 
31 104 
87.520 


Inverse (ms) 


3.392 
? 168 
15.552 
33 600 
72.512 


Table C: Results of the FLOPS test. Long-expression times are faster 
because FPU/CPU overlapping is possible. 


(LS C) 


single- 
precision 


1,095,415 
1.552.872 
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(3L C) 
double- 
precision 


733,502 
1,038,551 


— Ps 


processors, und so seems to justify the 
approach taken. 

The other half of correctness is per- 
formance; doing the design in this style 
didn't damage the T800's performance 
at all. To indicate how well it has suc- 
ceeded, here's the set of benchmark re- 
sults obtained using a Logical Systems C 
compiler on a CSA PART.I board. 
(Logical Systems offers a transputer C 
compiler/assembler/linker package; it is 
written in C, and the price includes the 
source to the complete compiler: CSA is 
one of a number of companies making 
add-in cards; the PART.1 provides four 
T800s each with a megabyte to plug into 
an IBM PC or compatible.) 

Since the compiler is a beta release 
and the people doing the measurements 
are the people who built the boards, this 
doesn't count as an official BYTE 
benchmark: nonetheless, the source 
code of the programs as used and the 
generated transputer assembler are 
available on BIX., in print, and on disk. 


Benchmark Results 

The benchmarks were run on CSA's 
PART.1 with 20-MHz T8Q0C, using the 
Logical Systems C compiler 87.8D (LS 
C) and the Lattice Logic Lid. C com- 
piler 1.3 (3L C). The timings in tables 
A, B. and C were obtained using the 
transputer's low-priority timer. 

The figures in table A are in seconds 
except for the Dhrystone and Whet- 
stone, which are in units of Dhrystones 
per second and Wheistones per second. 

Table B shows the results of the com- 
plex fast Fourier transform (FFT) 
benchmark using IEEE single-precision 
arithmetic. Times are in milliseconds. 
Tests were run on the PART.I system 
(LS C). The Lattice Logie C GL C) 
compiler would not compile the FFT 
benchmark. 

Table C presents results of a FLOPS 
benchmark. The following code se- 
quences were executed iteratively with 
the loop overhead subtracted to show the 
T800's sustained FLOPS capability: 


(a) c= e+b; c = a-b; c=atb; c= 


a/b; 
(h) f= ((00{(((aeb)-2) 24) je) + 
b)-c)*d)/e); 


Both C compilers show a dramatic in- 
crease in FLOPS when executing (b) as 
compared to (a). Given the long expres- 
sion, the compiler makes use of the 
transputer's ability to overlap FPU and 
CPU processing time. 
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so the exponent is positive. 

Shifting occurs a great deal in floating- 
point wark; any processor that wants to 
get reasonable performance without a co- 
processor will normally provide a spe- 
cialized instruction set for the operation. 
The instruction—anormalize—examines 
the number to be converted, starting at 
the most significant bit. [t moves down 
the word until it finds two adjacent bits of 
different value; suppose bit x and n—1 
are found to be 0 and |. The mantissa is 
then simply obtained by shifting the 
whole word left by (word length —a) bits 
and setting the exponent to n. 


Grainy Numbers 

Given this picture, a number of facets of 
doing arithmetic in floating point can 
now be illuminated. First, note that it is 
not possible to represent exactly all num- 
bers using floating-point format. For our 
32-bit format, for example, it is possible 
ta represent every integer between 0 and 
2™ (8,388,608). But we cannot exactly 
represent all the fractions, nor can we 
represent all the integers larger than 2**; 
2** is represented as 0.5 x 27°: the small- 
est value we can add to that is 27* X the 
least significant bit of the mantissa, 
which is 0.5 x 27?*, with a value of 0.5 x 
2*, This is 2. So the "next" number after 
8,388,608 is 8,388,610. This example 
shows that there are gaps in the numbers 
that can be exactly represented. 

This phenomenon is often referred to 
as the “graininess” of Floating-point 
numbers; just as high-speed photograph- 
iċ fiim can obscure fine detail by its large 
grain size, so can each floating-point 
number represent a range of numbers in 
ihe real world up to a certain limit on 
detail. 

This graininess has two important side 
effects; first, 1f you try to add a very small 
number to a very large number, the result 
can be that the large number is un- 
changed. So don't try to write program 
loops that say FOR 1—0 TO 100000000 
STEP 1 unless you're sure that adding the 
step size actually changes the number. 
And if you subtract two large values, the 
result can he inexact, sa be careful when 
using the results of such subtractions. A 
related problem is that since the numbers 
aren't exact, it Js not unusual to find that 
the program that says IF a=b THEN ... 
doesn't work reliably. 

How is the number O to be represent- 
ed? Looking at the situation simply, any 
floating-point number with a Ò mantissa 
has a value of Q. But the rules say that 
mantissae have to be in the range 
0.5, .0.25, so properly speaking we can- 
not have a floating-point Ò in the number 
scheme. Instead, most schemes have a 
special representation for 0. This might 


be mantissa=O. exponent- — 127, for 
example. Such “special case” represen- 
tation is useful because !t gives us access 
to lots of bit patterns that are not legal 
floating-point numbers that we can use to 
indicate special circumstances. Now, for 
example. we can choose another of the bit 
patterns to mean infinity, so rather than 
just complaining "overflow" when we 
divide the largest possible number by the 
smallest, we can set the result to infinity. 

Sometimes it is useful to relax the rule 
that says the mantissa must be in the nor- 
malized range. For example, try dividing 
0.25 by the largest possible number. The 
result is a quarter of the smallest possible 
number, which we could represent sim- 
ply enough if we allow the mantissa to 
have a value outside the 0.25. .0.5 range. 

Numbers like this, whose mantissae 
are too small, are called "denorma- 
lized.” Their only real problem is that 
they are even less accurate than the nor- 
malized numbers. Nevertheless, they are 
still useful—provided the programmer 
has been careful with the organization of 
the arithmetic —in that they provide some 
indication of the answer even when the 
exact value is unrepreseniable. 


The Need for Standards 

Suppose we change our floating-point 
format from 24-bit mantissa and 8-bit ex- 
ponent to have a wider dynamic range— 
say 22 bits of mantissa and 10 bits of ex- 
ponent. Then we'll find that running ex- 
actly the same program with this scheme 
will, in general, give us quite different 
answers from our initial scheme. 

Thi. is what used to happen when peo- 
ple moved programs from one computer 
to another. The various computers all had 
slightly different floating-point schemes, 
and programmers had to be highly com- 
petent numerical analysts to design pro- 
grams that were robust enough to provide 
useful answers when they were moved be- 
tween floating-point schemes. This was à 
real nuisance; it was a situation crying 
oul for a standard. 

Such a standard now exists: the [IEEE 
standard 754-1985. The document speci- 
fies a standard for the representation of 
binary floating-point numbers and for the 
rules governing rounding, truncating. 
and accuracy. All the major manufac- 
turers of microprocessors suppor the 
standard (e.g., Intel's 8087, 80287. and 
80387. Motorola's 68881 and 68882; 
INMOS' T800 and T414). 

The standard specifies three tormats— 
for single length, double length, and 
extended-format floating-point values. 
Single length fits in 32 bits and comprises 
24 bits of mantissa and 8 bits of exponent: 
double length puts 53 bits of mantissa and 
1) bits of exponent into 64 bits, and 


extended uses 8O bits for a 64-bit man- 
tissa and 16-bit exponent. 


Accuracy and Loops 

Why use the double format instead of the 
single? Often, single-length operations 
go faster (especially multiply and divide) 
and need less memory. The problem is 
that, loosely speaking, every lime you 
combine a pair of numbers you lose up to 
a bit of accuracy. Suppose you multiply 
two single-length floating-point num- 
bers. The result should have 48 bits of 
mantissa, but 1t only has 24 bits; if 
renormalization was necessary, some bits 
that mattered will have been lost. The 
same things happen—even worse—with 
division. 

So if you write a program that does lots 
of operations repeatedly on a set of num- 
bers, they slowly lose accuracy as low- 
order bits slip off the bottom. The simple 
cure is to use as many bits of mantissa gs 
possible—thus the attraction of double- 
length and exiended formats. 

The effects of this accumulating round- 
off error are worst in programs that keep 
crunching on numbers; big loops that 
compute stuff on one iteration and use the 
results in the next. which produces results 
for the nex! iteration (and so on), are ob- 
vious dangers. 


Measuring Performance 

Now suppose that you have a numerically 
demanding application and you need to 
choose a system an which to run it. With 
the more or less universal adoption of the 
IEEE standard. you can be reasonably 
sure (barring implementation errors— see 
the text box "Implementing Floaung 
Point” on page 218) that all the alterna- 
lives will give you the same (hopelully 
correct) answer. Bui they'll take varying 
amounts of time to do it. If you need very 
high performance. then it can matter 
which machine you buy. 

There are two classical answers to the 
problem. One is the not very helptul sug- 
gestion that you try your application out 
on every machine and then buy the fast- 
est: the problem with this is that the cost 
can be very high (even if you can find a 
machine nearby) and that, in any case, 
your application is likely to change. So 
then you'd have to do the whole exercise 
over again. What's needed is some pro- 
gram whose performance on a range of 
machines is a good predictor of how well 
other programs will run on those ma- 
chines, All you need to do is to find a 
good predictor program, run it on the 
candidate. machines, and choose the 
fastest. 

This ts the second classical answer: the 
predictor programs are callcd benchmark 
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programs, and the whole process of 
benchmarking is fraught with pitfalls. 
While in practice the only realistic way to 
get some hint of comparative perfor- 
mance is to use benchmark programs, it 
Is Important to understand both the needs 
of your own application and the strengths 
and weaknesses of the benchmarks them- 
selves. 

As an example, consider the bench- 
marks that have become accepted as indi- 
cators of integer performance: The Sieve 
of Eratosthenes und the Dhrystone are 
both widely used. Trouble is, neither of 
these 1s any good at predicting the perfor- 
mance of a real program on the machines. 
The Sieve is a very small program, so it 
fits completely inside the instruction 
cache of many modern microprocessors 
when real applications generally won't; 
the result ts that the Sieve is an optimistic 
predictor of performance for machines 
with an instruction cache. (Examples of 
microprocessors with instruction caches 
are Fairchild’s Clipper chip set, Intel's 
80386-equipped Above-Board, INMOS* 
T800, and Motorola's 68020.) 

And the Dhrystone spends far too 
much time doing suing manipulations. 
Not only do real applications spend less 
time manipulating strings than the Dhry- 
stone does, but strings are dealt with 
quite differently between languages. As a 
result, Pascal Dhrystones for a computer 
can be quite different from C Dbrystones. 

This difference arises because in Pas- 
cal tand Ada, the original Dhrystone im- 
plementation language) the length of a 
string is always known—it's attached as à 
byte count to the front of the string. In C, 
the length isn't Known, but the last char- 
acter is followed by a zero. So to copy a 
string from one place to another in Pas- 
cal, you can use a block move (on a ma- 
chine that has the instruction), while in C 
you have to generate code that first finds 
the end of the string. 

So it is important to understand just 


what a benchmark ts trying Io measure as 
well as knowing how well it does it, and it 
iş unlikely that comparing even nominal- 
ly equivalent programs in different lan- 
guages can be relied upon. 


Fleating-Point Benchmarks 

The usual floating-point benchmarks are 
the Whetstone, Linpack, Savage. and the 
Livermore Loops. Each takes a different 
view of what is interesting. 

The Whetstone originated in England 
at the National Physical Laboratories 
(NPL) in the 1960s. Originally written in 
Algol 60, it was intended to represent a 
typical medium-size scientific compula- 
tion mix. The idea was that if you were a 
scientist or an engineer, the performance 
of a computer with the Whetstone bench- 
mark would be a reasonable indicator of 
how weil the machine would do with a 
wide range of programs of interest to you, 
Such programs do a lot of floating-point, 
array. and trigonometric work. The 
benchmark consists of a set of little tasks; 
the t me for each task is noted, and the 
machine's performance is measured as a 
weighted sum of the individual times. 

As an aside, today's compilers can to- 
tally destroy the usefulness of a bench- 
mark program if it isn't written properly 
(by noticing, for example, that a result 
computed inside a loop is never used, a 
compiler can decide not to generate code 
for that piece of program: then it will no- 
tice that the loop isn't controlling any 
code. and remove that. Pretty soon you 
have a null program). The Whetstone was 


carefully written, and seems to be proot 


against Optimizing compilers. The 
Dhrystone. whose whimsical name is a 
pun on Whetstone, regrettably is not 
proof against optimizing compilers. 
Linpack is a different kettle of fish. 


Owners of supercomputers tend to have , 


them spend much of their time solving 
partial differential equations numerical- 
ly. and the Linpack benchmark ts simply 
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a standard program with a standard set of 
data that does just that. Unlike rhe Whet- 
stone— which is a contrived program in- 
tended to exhibit balanced behavior— 
Linpack ts a real program used for real 
work. However, it does have the major 
weakness {as a benchmark) of being a 
very poor predictor of general perior- 
mance for the very reason that it does just 
one job. 

Further, a computer's performance on 
the Linpack benchmark is mosily an indi- 
cator of how quickly the machine can run 
a single inner loop of the program. This 
loop can be vectorized quite nicely. so ma- 
chines like the Cray run it very quickly. 

The Savage benchmark isn't about 
speed al all. It was designed to indicate 
how reliable—in the sense of accurate— 
the trigonometric routines in a tloating- 
point implementation are. 

At first glance, this seems strange; 
surely all IEEE-standard packages will 
produce exactly the same accuracy? Not 
so; even standards have "gotchas." The 
IEEE standard specifies three ways of 
doing sums—the single length (32 bits; 
24 mantissa, 8 exponent). double length 
(64 bits; 48 mantissa, 16 exponent). and 
extended (80 bits: 64 mantissa, 16 expo- 
nent). Implementations have some free- 
dom about just how they use these. 

For example, assume that you're a 
floating-point coprocessor and have been 
given three single-length numbers and 
asked ta do some sums with them. Be- 
cause you're feeling kind toward the 
world, you convert the numbers to ex- 
tended format. work on them in that for- 
mat, and convert back to single length. 
This use of exiended format provides ex- 
trà precision to the answer, surely some- 
thing that the world will be grateful for. 

This approach is used by the [Intel fam- 
ilv of floating-point processors. and on 
the surface it sounds like a good idea, 
since the FPUs always work in 80-bit for- 
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mát, you get the best possible answers 
{without any speed penalty, since ihe 
processors are built around an 80-bit 
ALU), and the approach is allowed by the 
standard. 

But the approach can lead to some bi- 
zarre side effects. Suppose you've wrilten 
a program that needs to compute the 
value of (a/b)*c. Being a little unsure of 
yourself, you do it step by step as a se- 
quence of operations: First you calculate 
a/b (and store the result somewhere, say 
x), and then you multiply the result by c. 
So your program mighi say 


float sum(a,b,c) 
2loata,b,cj 
| 
loat x; 
x=ab; 
return xc; 


| 


Testing it, you find that the steady ap- 
proach has paid off and that it works. so 
now—flush with success—you get rid of 
the temporary variable x: 


float sum(a,b,c) 
floata, b,c; 


return (ab)*c; 


Running it again, you gel a different 
answer. Of course, what happened was 
thai in the first example, the program 
computed a'b in extended precision, 
shrank the result down to single length, 
and used that for the division. In the sec- 
ond case, the sum was done in extended 
precision all the way through, and so the 
answer could be different since the 
rounding done could be different. 

The same sort of thing can happen if 
your compiler-writer wasn't too careful 
about the code generated. If you wrote x 
= c*(alb)—d*(ajb), the compiler 
should notice that a/b is used twice, work 
it out just once, and reuse the result. Op- 
ümizing compilers will also note reuse of 
an expression across several lines of pro- 
gram and try to do the same thing (this ts 
called common subexpression elimina- 
lion) to speed up execution. 

If the compiler generales code that 
causes the FPU to save the result of evalu- 
ating a subexpression in memory, then it 
is important that the result be saved as an 
extended-precision number: this takes up 
10 bytes of memory and lots of store 
cycles. Sloppy coding might save it as à 
single-length result, so that if you com- 
piled with optimization off you'd get no 
subexpression elimination and one 
answer, while compiling with optimiza- 
tion on would give the elimination and 
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yield a different answer, 

To return to the Savage benchmark: As 
indicated, it is intended to provide you 
with an indication of the accuracy of the 
trigonometric routines in your implemen- 
tation, and it does that by computing the 
value of an expression whose value is 
known exactly (from trig identities, 
rather than by doing the calculation to 
exact accuracy), 

Finally, the Livermore Loops are, ina 
sense, an up-to-date version of the Whet- 
stone. Like the Whetstone. they attempt 
to indicate how well a machine will work 
On a range of scientific applications by 
providing a sequence of subtests. Unlike 
the Whetstone. though, the performance 
figure isn't a single figure formed as a 
weighted average of the individual times. 
Rather, the “official” benchmark results 
indicate performance in MFLOPS (mil- 
lion floating-point operations per sec- 
ond) in terms like the average, the fastest, 
the slowest, and the standard deviation. 
So you get an idea of the spread of capa- 
bility of your machine rather than just a 
single-point figure; immediately, this 
makes the Loops a better predictor than 
the other benchmarks for scientifically 
oriented work. 

The Loops themselves (so-called be- 
cause they consist of a number of pro- 
gram loops representing the vital por- 
tions of many interesting problems in 
physics and math) only have one draw- 
back (for our purposes); they're written 
in FORTRAN while most personal com- 
puter system analysis and testers use C. 


High-Performance Floating Point 
Next we look at how Io design a computer 
to gel it to give a high floating-point per- 
formance. As with everything. we need 
first to identify what the problem is be- 
fore trying to fix it; from the earlier dis- 
cussions. it seems that the Livermore 
Loops give a useful indicator of what 
needs to be done in aumber crunching, so 
we'll use that as a guide. Looking at the 
Loops. we quickly come to these conclu- 
sions: Most floating-point sums involve 
complex expressions and array access. 

As an example, here is the code for 
Livermore Loop 7: 


DO07k-—1, 
X(k) = U(k) + RH*( Z(k) +R* 
Y(k)) + TX(U(k-F2) + RECUCK +2} 
-REU(E-1)) + TH(UCK+6) + 
R*(U(K--5) + ReU(K+4))} 
7 CONTINUE 
This is FORTRAN for "execute that loop 
n times with k varying from 1 ton.” Look 
at what the code is doing; for example, 
look at what needs to be done to do some 
of the work, like computing R * U(k 4). 


First, we need to compute the address of 
the array element. This involves getting 
the address of the base of the array (this is 
FORTRAN, and COMMON at that, so it's in 
a fixed location in memory), adding 
(k 4) times the word-length of a float- 
ing-point number to that address, reading 
that location From memory, then getting 
the value of R (in a register, say, since it's 
going to he used a lot) and multiplying 
them together. And that's if our com- 
piler-writer had been naughty: really, we 
should check that the element we're ac- 
cessing actually is inside the array. 

The first thing that's obvious is that 
having a processor with an infinitely fast 
floating-point multiply isn't a complete 
cure; al] that accessing takes time, in- 
structions, and memory accesses. In fact, 
it looks like the biggest problem is getting 
data to an FPU, So two routes are taken to 
minimize the loading times. 

First, clever compilers can look at the 
code and save some time. In this exam- 
ple, we look at quite closely bunched ele- 
ments in an array: the elements we look at 
next time around are close to the previous 
time's elements. So a compiler would 
take advantage of this by using a pointer 
(and store ihe pointer in a register, if the 
machine has registers); accessing U(k + 
4) comes down to reading the contents of 
memory at location 4 x 8 + (register 
4)—that is, 32 bytes beyond where regis- 
tcr 4 is pointing (assuming 64-bit values). 
Then the register is incremented at the 
bottom of the loop by 4 bytes, and around 
we po again, This also iets the bound- 
checking be done once per loop iteration, 
rather than on every access. 

The result of this transformation is that 
each array access is now just an indexed 
load, which is a lot quicker. But it will 
still take the machine at least 10 (one tor 
each read plus a write) memory cycles to 
compute the value for X(k). plus the time 
for an add (to increment the pointer), plus 
whatever code is needed to check the loop 
end conditions: typically, this wil! total at 
least 25 integer instructions. The pro- 
gram runs faster, but even wilh infinitely 
fast floating-point work. it still takes 25 
integer-instruction times per loop itera- 
tion, And it's pretty difficull to pet infi- 
nitely fast FPUs, 

Or is it? Look at the code again. It is à 
sequence of fetching things from mem- 
ory. operating on them. fetching other 
things from memory, operating on those, 
and then combining the results. To do 
Re(UCk+ 2)) + R#*(U(k+1)}, we need 
to get U(k +1), multiply it by R. then get 
U(k o 2) and add that in, and then multi- 
ply by R. If we design the FPU/processor 
interface properly, we can get U(k-- 1) 
from memory, give it to the FPU, give R 
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to the FPU, and tell it to multiply them 
together. While it's doing that, we go and 
read U(k-- 2) from memory. hand it to 
the FPU, and rell it to add it in. By the 
ume we tell the FPU to do the addition, 
we'll have had several instruction times 
for the FPU to have finished the multiply. 
This approach of letting the FPU and 
the CPU run in parallel is the other half of 
getting floating-point performance out of 
normal machines, and has been adopted 
hy all the microprocessor vendors. The 
effect, given a sufficiently fast FPU (one 
that can do a floating-point add in about 
the time the CPU can do a memory read 
and an instruction or so), is to get the 
computational power of an infinitely fast 
FPU for a wide range of real programs. 


The Supercomputer Advantage 

That sort of approach, with computers 
typical of today's workstations and high- 
end personal computers. can result in 
systems which can do a sustained | or 2 
MFLOPS.; you can get this from a T800, 
or from an Intel/Weitek 80386/1167 
combination, for example. The limit is 
the variable accessing and control, rather 
than the FPU times. How does a Cray go 
so much faster? 

Well, there are some obvious differ- 
ences. First, the memory is quicker (and 
so is the machine that fetches operands). 
But. perhaps surprisingly, for many com- 
putations, the Cray isn't so very much 
faster. For example, a T800-20 can hit 
2.5 million (64-bit) Whetstones per sec- 
ond, while a Cray X-MP- | hits 26.6 mil- 
lion. Then supercomputers are only [0 
times as fast as a microprocessor. But on 
Linpack, where the T800 wili offer per- 
haps a little below 1 MFLOP, the X-MP- 
| will be a hundred times faster. Why the 
difference? 

Consider doing a vector multiplica- 
tton. To do this, you take each element in 
u row of a matrix. each element in a col- 
umn, multiply the corresponding ele- 
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ments pairwise, and add up the answers. 
Then you repeat the operation lots of 
umes. 

Now assume you have an FPU with 
two inpuls, and that you have a clever 
hlock-move instruction jn your CPU. 
You could move the row elements onc by 
one into one input, and the column ele- 
menis one by one into the other. Then you 
tell the FPU to muluply together its in- 
puts, and you'll get a sequence of out- 
puts. If you then attach another FPU to 
the output of the first FPU, and tell it to 
add what it sees on its input to what it's 
already got, you can get the complete 
(row X column) computation done in no 
more time than it takes to blast the values 
from memory 

The block moves have lo be clever (the 
elements are not side by side), so succes- 
sive values are some distance apart. This 
sort of extra hardware resources lets 
Crays go faster than normal processors, 
but only on the right sort of problem. 

Suppose that 100 MFLOPS or so isn't 
enough. How do we go much faster? 
Brute strength helps; faster technologies 
squeeze down the cycle times of machines 
sọ that they go ever faster. Today's limit 
for traditional supercomipulers seems to 
be uround 1000 MFLOPS; if we want to 
go faster, another approach is needed. 

The only approach that seems to have 
the right sort of promise is the obvious 
one—do more things at once. There are a 
couple of different approaches to this: 
one connects up fairly small numbers of 
horribly quick computers, and the 
other—more relevant here—connects up 
large numbers of microprocessors. 

Typical examples of the latter are 
Intel's iPSC Hypercubes (which use 
bucketloads of 803865}, Floating Point 
Systems T-Series and Meiko's Comput- 
ing Surface (which both use INMOS 
transputers}, systems from Ametek and 
BBN (which use 68000-family ma- 
chines). plus NCube (which uses a cus- 
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10m microprocessor). These machines all 
offer the promise of going faster as you 
add processors to them; being micropro- 
cessor-based gives them excellent price/ 
performance. 

But unlike Crays, which have com- 
pilers that can take care of the clever 
hardware efficiently, these machines 
don't have compilers which can take a 
"normal" program and massage it auto- 
matically so that the awesome power of à 
collection of 1024 T800s can be brought 
to bear. But with the price/performance 
offered by the approach (Floating Point 
Systems’ top machine is quoted at 18 
giga-FLOPS, for example), it is becom- 
ing increasingly attractive to rewrite code 
especially for these machines. This has 
relevance, since you can buy multipro- 
cessor add-in cards for personal com- 
puters, 5o this extra performance ts there 
for many personal computer owners (for 
instance, the CSA PC add-in card de- 
scribed on page 220). 


Not Written in Stone 

We've seen some of floating points 
quirks and pitfalls, had a look at bench- 
marks. seen how supercomputers do even 
beuer, and finished by seeing how the or- 
dinary microprocessor is turning the 
tables on the supercomputers. 

[n the course of the discussion, I hit on 
ihe Livermore Loops as the best all- 
around benchmark, spoiled only by the 
fact that they're in FORTRAN; this 
leaves the Whetstone benchmark as the 
most widely useful microprocessor 
benchmark lor the moment. Do bear in 
mind, though, that benchmark results 
should nat be written in stone: A better 
campiler, a faster clock speed, a bigger 
cache. and faster memory can all over- 
turn the league tables. Remember that the 
final choice of a machine should be made 
by using knowledge of the complete 
needs, not by simply referring lo some 
published lables. 8 
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answer, message forwarding, and built-in 300/ 
1200 bps modem. For an ear-opening 
business applications demo, 


Natural MicroSystems Corporation | 
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DEBUGGING SWAT TEAM 


Order Eco-C88 Rel. 4.0 New Modeling Compiler 
and get C-more at no extra charge! 


Seek and Correct 


You already know that fast compilation does not mean fast program development. Backing 
up for bogus error messages and removing the bugs takes time. Eco-C88's "Seek and Correct” p" 
three - way error checking finds even the most elusive bugs, clearing the path for swift program i 
development. 


Double Barrel Error Checking | 


Eco-C88 nails syntax errors cold and tells you about theerrorin plain ~ jidam 
English. And there's no avalanche of false error messages, either Other — |. ME. ~I 
compilers can generate up to four times the number of error messages = (| = 
actually present; they leave it up to you to quess which ones are te wa 
real. You'll be more productive with Eco-C88 because there is no CPP 
guess work. "v Py 
Eco-C88 provides ten levels of semantic error checking. You can 
select from almost no checking to the fussiest you've ever seen. 
Eco-CB8's “picky flag" finds subtle errors that slip by 
other compilers. 


Eco-C88 also features: 


æ All data types, plus ANSI Enhancements ! 

@ Robust library, including many new ANSI Memory Options 
functions 

& CED editor with online function help, split 


windows, compile-edit-link capability ee Ace m 
e New, expanded manual with sample pro- Model Code Size Data Size IB y, 
grams for the library functions | Small 64K 64K "y r; 
| Compact 64K 1M Hh rs 
C-more Source Code Medium 1 Meg 6 ne 
Debugger 


Large 1 Meg 1 Meg 
Finally, if a really nasty bug persists, 
put C-more, our source code debug- 
ger, to work, With C-more you can 
watch your program as it executes, 
single-step it, set simple or conditional 
breakpoints, test complex expressions, 
use variables as indexes into other vari- 
ables, initialize and trace variables, examine 
CPU registers, display results with printf()- 
type options and much more. C-more can help | 
you track down bugs in minutes rather than days. "qe 


The price for Eco-C88 is $99.95. And, for a 
limited time, we'll give you our C-more debugger 
at no extra charge. 


Ecosoft Inc. 
6413 N. College Ave. 
Indianapolis, IN 46220 


(317) 255-6476 (Tech Info) 
(800) 952-0472 (Orders) 


LOWEST CPM. 


LEAS I 
DUPLICATED READERS. 


SMALLES I 
RAI E INCREASE. 


Other computer magazines have been raising 


their rates way out ot proportion to their circu- 


lation growth (costs up 30 or 40 percent). 
We've raised ours a modest 7%. 

While other magazines are breaking 
the $30. $40, $50, and even $100 B&W CPM 
barriers, ours remains an attractive $25.28. 

While other PC books are scrambling 
to figure out how to juggle the PC and Mac, 
we're already delivering. With a combined! 
93% PC, and 38% Mac penetration. 


While other magazines fight head to 
head for the same readership, 4596 of eur paid 
readers do uot ead any other magr PC-sprecific 
books, 

And. when they re not reading BY TE. 
they're busy buying product. In fact. 90% ot 
our subscribers directly intluence their com- 
pany's microcomputer purchasing decisions. 

You d like to tind a way to keep your 
media budget in line. We re it. Call Dennis 
Riley at (603) 924-9281 for more facts. 


Sources Fall IST AIRE Study, 157 Subscriber Profile Side 
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FLOATING-POINT PROCESSING 


How to Get Better 
Floating-Point Results 


With or without an FPU, careful program design is the only sure way 
to guarantee the validity of floating-point computations 


FLOATING-POINT COPROCESSOR 
units (FPUs) are the key to getting good 


number-crunching performance out of 


personal computers. and yet they are usu- 
ally extra-cost options. To be fair to users 
who haven't added one to their com- 
puters, a software designer has to write 
software that will use an FPU if one is 
present or perform the necessary opera- 
lions using the main processor otherwise. 
In a compiler system, the component that 
takes care of this is called a floating-point 
emulator. 

Unfortunately, all emulators are not 
alike. They do not behave identically nor 
always emulate the hardware exactly. 
This means that a given program may 
produce different results, depending on 
whether an FPU 15 present, and, if not, 
depending on which emulator is used. 

But you can solve or at least control the 
problem by designing the high-level algo- 
rithm carefully, based on a few principles 
that derive from an elementary under- 
standing of the emulation process and 
floating-point representation systems. 

This article discusses some of the 
trade-offs involved in emulating floating- 
point hardware and explains the implica- 
tions for programmers. All the specific 
examples in this article apply to the Ryan- 
McFarland RM/FORTRAN version 2.4 
8087 emulator, which | helped design 
and implement. Previous versions of the 
compiler had used the emulator provided 
by Intel. We (the compiler design team) 
knew we could significantly speed up the 
emulation by writing a new emulator with 
a different set of design goals. The Intel 
emulator was designed to produce an ex- 


Carl Byington 


act emulation of the 8087 chip. [t calcu- 
lates results more precisely (and therefore 
more slowly) than is required by the 
RM/FORTRAN compiler. The Intel em- 
ulator also fails to take ful] advantage of 
the 8086 instruction set. For instance, 
many internal variables are maintained in 
memory, rather than in registers. 

The 8087 chip can work with numbers 
in three basic formats: the 32-bit (24-bit 
significand) single precision. 64-bit (33- 
bit significand) double precision; and 80- 
bit (64-bit significand) temporary. I will 
refer to these various formats by the num- 
ber of significand bits (24, 53, and 64). 

The version 2.4 emulator was designed 
to produce results accurate to 60 bits. The 
primary design goal was to increase the 
speed of floating-point computations 
subject to the 60-bit precision regeire- 
ment. A secondary goal was to increase 
the precision beyond 60 bits whenever 
possible so long as the speed was not re- 
duced. A third goal was to make the emu- 
lator as small as possible, but this was not 
allowed to interfere with the first two 
goals. The speed objective is easily un- 
derstandable, but why choose 60-bit pre- 
cision when both the 8087 hardware and 
the [ntel emulator calculate results to 64- 
bit precision? We did this because it 
doesn't affect the precision of the resulls 
produced by a FORTRAN program. 


Precision and How tu Keep It 

Three factors control the precisian of the 
results produced by a FORTRAN pro- 
gram: the algorithm (sequence of opera- 
tions) and input data the program uses, 
the order of those operations after the 


compiler has optimized and rearranged 
the code, and the precision of individual 

operations within the FPU or cmulator 
The entire FORTRAN system (com- 
piler and emulator) has no control over 
the first factor: that is left up to the pro- 
prammer. The second and third factors 
are related in that the choice of precision 
in the emulator neéds only to match the 

precision requirements of the compiler. 
RM/FORTRAN assumes that interme- 
diate results need to be calcuiated to only 
24 (REAL) or 33 (DOUBLE PRECISION) 
bits. Intermediate results will be calcu- 
lated to a greater precision if there is no 
performance penalty. The emulator cal- 
culates the standard add, subtract, multi- 
ply. and divide functions to 64-bit preci- 
sion: and tt calculates the square root. 
tangent, arctangent, exponential, and 

logarithm functions to 60-bit precision. 
Only two things can be done with the 
result of an arithmetic operation: It can be 
stored ina FORTRAN variable or used as 
an operand of another arithmetic opera- 
tion. [n the former case, the result's pre- 
cision will be reduced to 53 bits. [n the 
latter case, two further possibilities ap- 
ply. The result may be used directly with 
iis full precision, or the compiler opti- 
mizer may choose ro store it in a com- 
piler-generated temporary variable for 
later reuse. in which case the temporary 
ventie 


Carl Bvington (1909 Avenida Feliciano. 
Rancho Palos Verdes, CA 90732) is the 
founder of 510 Software Group, which 
specializes in language run-time support 
systems and database applications. 
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variable will have a maximum precision 
of 53 bils. 
Consider the FORTRAN statements 


DOUBLE PRECISION A.X,Y.Z 
A = X+¥(Y+Z) 


One posstble 80x87 FPU code sequence 
to calculate A is 


;floating point load X 
;floating point add Y 
floating point addZ 
;flogtingpoínt store A 


The register operand for the second 
FADD can have up to 64 significant bits, 
since it was calculated by the first FADD. 
Now consider a second code sequence 
that might be generated if the subexpres- 
sian Y4Z appeared in more than one ex- 
pression in the FORTRAN program: 


FLD Y floating point load Y 

FADD Z ;Ploating point add Z 

FST T ;save subexpression in temp T 
FID T;floating point load T 

FADO X ; floating point add X 

FSTP A ; floating point store A 


Here the precision of T is only 53 bits (a 
double-precision temporary generated by 
the compiler). and the results may not be 
identical to those produced hy the firsi 
code sequence. 

The compiler and emulator guarantee 
that each elementary arithmetic opera- 
tion is accurate to al least 53 bits. You can 
still write FORTRAN code that is exact in 
the mathematical sense and yet produces 
very imprecise results. Two common 
causes for this loss of precision are sub- 
traction of two numbers that are almost 
identical and addition of two numbers of 
widely different magnitudes. As an cx- 


ample of the first situation, consider the 
problem of finding the roots of the qua- 
dratic equation x* + 2bx + c =Ù. 

The standard formula gives us 


A. = ~h + Nit: E Eh 
X3 = -b- OY — c). 


If these were implemented with infinitely 
precise arithmetic and the coefficients 5 
and c were known exactly, they would 
produce the exact roots of the quadratic 
equation. But when they are used in a 
FORTRAN program, severa) things hap- 
pen. Here are the FORTRAN statements: 


X1=-b + Sqrt(b*#2 - c) 
x2 *-b-Sqrt(bi*2- c). 


First, the coefficients can be known ex- 
actly but represented only imprecisely in 
FORTRAN variables with 53-hit preci- 
sion. Second, the individual arithmetic 
operations are implemented with only 
33-bit precision. Let us see what effect 
this has on the precision of the result 
when b is approximately —27* and ¢ is 
approximately i. The result x1 will have 
53 bits of precision; x2 will have only a 
few bits of precision (note that we're now 
using FORTRAN rather than algebraic 
variables). Why did this happen? 
Consider the computation of x2. The 
expression b**2 will be calculated to 53 
bits and is approximately 2'*, The value 
of b**2-c is calculated to 53 hits, but 
only a few high-order bits of o take part in 
this calculation. The expression 
Sqrt(b&X*2-o) is calculated to 53 bits 
and is almost exactly the same as -b. The 
final step in the calculation of x2 is a sub- 
traction involving operands that are al- 
most identical: the result of this subtrac- 
tion has only a few bits of precision. 
Look at the FORTRAN numbers A, B, 
C. and D in table ia. A and B share 50 


| Table 1: Results of compurations involving (a) subtraction of nearly equal 


ajC=A-A and == (normalized). 


"EL 


numbers and (by addition of numbers of widely different magnitudes. 


Ü KKAKXMAMAKMAK KAA KKK EKA RKKM KAMAN KAN XXE XXE XE XXX XX XX y y y. K 27^ 
O AXXXXXXXXXXERXXXXXXXXKXAXXXXXXXEXAXAXXAXXXXXEKXXXXxAXWAW, x 2 
| 2 = & O0000000000000000000000000000000000000000000000000z27z x 2?* 
0 


b) A and 5 are to be added, C=5 (normalized), 5 À «C 


5sQvyyyyyyyyyyyvyyvyvvvYVYYYVYYVYYYVYVVYYYVYYYVYYYYYVVYYY X 2 
O000000000000000000000000000000000000000000000 x 21 


| 
| Am Ü XxXXXXXXXXXXXXXXXAXXXXXXXEXXXXXXXXXXWXXXXXXXXKXEXXXXXXXXX X E 


C = 0 QO00000 


| 
| 
22200000000000000000000000000000000000000000000000000 x 2-4 | 
| 


-18 


| O-ÜxXXXXXXXXEKXAXKEXXXXXXKXXXXXXXXXAXXXXXKZEXEXYXXXXXEXXRXYXXX X 2" 
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high-order bits. A-8 is C, which has 50 
high-order Os. D is the result of normaliz- 
ing C, so the high-order bit of Dis H. But 
the low-order Os in D are an artifact of the 
floating-point arithmetic, and they have 
no significance. D is really known to only 
three bits of precision, even though its 
representation in a FORTRAN variable 
will have 53 significand bits. 

This is essentially what has happened 
in the final subtraction in the calculation 
of x2 above. Án alternate formula is 
x2sc/xl. which can be calculated to 53 
bits of true precision. The quad program 
in listing 1 demonstrates the different re- 
sults obtained using these two approach- 
es. Note that the computation of the error 
in x1 is itself an ill-posed computation 
with no significant bits. The compiler has 
calculated that error (variable x3) twice 
with two different results. 

Now we'll look at an example where 
you lose precision by adding numbers 
that are very far apart. Consider the num- 
bers in table 1b. The magnitude of A is 
very different from the magnitude of B. C 
is B modified so that the exponent will 
match the exponent of A. Note that in 
order to make the exponents match, all 
the bits of B have been lost. D is A«C. 
which is the same as A. In this case, you 
have not lost any precision, since the sum 
is still correct to 53 bits. 

Now consider the problem of calcular- 
ing the sum of the power series | + r + 
r! or! + rt + .,,, where r is in the 
interval (0,1). If ris .99, then the sum of 
the infinite series is 100. If the first 2000 
elements ure added in the order indicated. 
starting with the first and largest ele- 
ment, the partial sum will eventually be- 
come much larger than subsequent series 
elements, producing a problem similar to 
that iliustrated in table 1b. 

This problem can be partially solved 
by summing the series starting with the 
smallest elements first. The loss of preci- 
sion is then noi so severe, although it sill 
occurs. The only way to eliminate this 
problem is lo use an array of accumula- 
tors and add the next series element into 
the appropriate accumulator, A far better 
algorithm in this case i5 to throw away the 
series expansion and calculate the mathe- 
matically equivalent expression 1/(1 — 7). 

The series program in listing 2 dem- 
onstrates these techniques. The do 15 
loop initializes the sumx array. The in- 
dex statement function calculates a sub- 
script for the sumx array. The array ele- 
ment at thai position should either be 0 or 
have a value close to the value of the 
series element r**1. The do 16 loop 
checks for array elements that have be- 
come too large and effectively propagates 
the carry. The do 25 loop finally adds the 

continued 
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|. A MESSAGE 
lo () U R Listing 1: (a) A FORTRAN program illustrating ill-formed and well-formed 


calculations of the quadratic formula, followed by (b) a sample run of the 
program. 


SUBSCRIBERS || 


program quad 
double precision b, c, x1, x2, x3, x4 
18 write (6, 1) 


ROM TIME TO TIME write (6, *) 'Enter coefficients b and c separated by 
‘ » r spaces: ' 
we make the BYTE sub Budd. d be 
scriber list available tu other if (c .aq. 8.8) stop 
companies who wish to send write (6, 1) 
our subscribers material about ' undi d Mk. 
their products. We take great write 46, *) *Mechad one.’ 
care to screen these companies, xl = -b + sqrt ade die 
e = = = Lie pF 
choosing only those who are Mu nh, gs re 
) x3 = xl**2 + 2*b*xl + c 
reputable, and whose products, x4 = x2**2 + 2*b*"x2 + c 
services, or information we feel write (6, 2) x1. x2, x3, x4 
2 C 
would be of interest to you. vate i15. =) "Method aec.* 
Direct mail is an efficient Xl = =b + sqrt [b**2-c) 
medium for presenting the latest .- - abd enn 
RJ 9 ELTH t* 2*b*xl tc 
personal computer goods and 2e mo e SR E 
services to our subscribers. write (6, 2) x1, x2, x3, xa 
E 
Many BYTE subscribers ap- : pes = 
prectate this controlled use of 1 format iix) 
our mailing list, and look for- 2 eae 3 2 oe ', D25.18 / 
He. r "^ x2 solution *, D25.18 / 
ward to finding information of à Jan: ueni 27 BOR te | 
interest to them in the mail. 8 ' errot in x2  ', D25.1Bj 
Used are our subscribers names 3 Bone T do ', D25.18 / 
and addresses only (no other Ser $ A RD 
information we may have is ever 
given), 
26 l dl (b) 
While we believe the distribu- | 
con of this information is of Enter coefficients b and c separated by spaces: -3e7 1 
benefit to our subscribers, we b -e.30000000000800008008D-08 
firmly respect che wishes of any c 8.1808000880080808000401 
subscriber who does not want | Method one. 
ive nih . l Kl solution @.5999999999999985l1ap+88 
Mlcasud aec Pele | x2 solution  —0.149011611938476563D-86 
literature. Should you wish to error in x1 -@.80002441406259e0eeD+01 
r h : Method two. 
simply send your request to the xl solution  8,599999999999998510D+88 
following address. x2 solution 0.166666666666667867D-07 


error in xl -0,794867382812588880Dp*81 
error ln x2 ~8.228058093199217587 7?p-14 


— Enter coefficients b and c separated by spaces: -3eB 1 
b -Bp.3gapgepgaeegaogoeppaBpDDOD-33 
" | c 0.18000000000088982888D-«81 
BUTE MAGAZINE Sabet omits 
ATTN: SUBSCRIBER SERVICE xl solution 8.,6]8000000008988028088Dtre 5 
PO. Box 7643 x2 solution 9.9000080008000000000D«00 
Mte i | error in xl Q,0088080000000000800D«B0 
Teaneck, NJ 07666-9866 error in x2 86.1880600000000000000D401 
wi, 
a continued 
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Switching from computer paper 
to letterhead is as simple as 1...2...3, 


Instructions: 


Push a button. Pull a lever. Push a button. most popular software packages, using Epson® FX80, JX80, 

its that easy to switch from computer paper to letterhead IBM” Graphics Printer* or IBM Proprinter® commands. 
using a Fujitsu DX2000 Series 9-wire dot matrix printer. For pricing and more information on the DX2000 

Theres no wrestling with continuous forms or series or anv of our complete line of daisywheel, 
optional tractors. No wasting time loading and unloading dot matrix, band or laser printers. call 800-626-4686. 
paper. And automatic feeding of cut-sheet paper is Make the easy switch to Fujitsu printers. 


faster with the optional, single-bin sheet feeder. 


More Efficient, More Productive. 

The DX2000 Series printers are available in either 
80- or 136-character column widths and both produce 
up to 135 lines of copy per minute. Or an average-size 
memo in draft quality in just 11 seconds. 

Print speeds range from 54 characters per second 
in near-letter-quality mode to 324 eps in draft quality 


Each printer can create letters, spreadsheets, descrip- 
tive charts and professional graphs. For brilliant 7-color A COMPANY WITH CHARACTER AND DRIVE 


printing, vou can get an optional easv-to-install color kit. C -— MEME 


-H 
— 


Ox2400 


OxX2300 


Quiet, Reliable, Compatible. | 
Listen. The DX2000 printers are quiet. FUJITSU 
Whats more, they can give you years of trouble-free GAP RA 
printing without taking time off ' FUJITSU AMERICA 
And thats not all. Each printer is compatible with the Computer Products Group 


FOR MORE INFORMATION ON THE DX2000 SERIES PRINTERS, CALL 800-626-4686 


C OA) Fugu america Inc Epson FX85 and Epson JEAN are ragisimrert tracarrarka ol Sako Epson Corporation IBN, Grohe Pooler ana Propane ate Meer ed UE ea col International dum ness Machines Corgoramon 
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X. BYTE subscription brings 
you a complete menu of the latest 
in microcomputer tecbnology every 
30 days. The kind of broad-based 
objective coverage you read in 
every issue. In addition, your 
subscription carries a wealth of 
other benefits. Check the check 
list: 


BONUSES 


yÍ Annual Separate Issues: In 
addition to BYTE’s 12 monthly 
issues, subscribers also receive 
our annual IBM PC issue free 
of charge, as well as any other 
annual issues BYTE may 
produce. 


yi BYTE Deck: Subscribers 
receive five BYTE postcard 
deck mailings each year—a 
direct response system for you 
to obtain information on 
advertised products through 
return mail. 


y Reader Service: For 
information on products adyer- 
tised in BYTE, circle the 
numbers on the Reader Service 
card enclosed in each issue that 
correspond to the numbers for 
the advertisers you select. Drop 
the post-paid card in the mail 
and we'll get your inquiries to 
the advertisers. 


vi TIPS: BYTE's Telephone 
Inquiry System is available to 
subscribers who need fast 
response from advertisers. After 
obtaining your Subscriber I.D. 
Card, dial TIPS and enter your 
inquiries. You'll save as much 
as ten days over the response to 
Reader Service cards. 


Y Free Programs Via BYTEncet: 
You get access to the BY TEnet 
Bulletin Board Service, which 
allows you to download, via 


Program 
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modem, valuable program 
listings. There is no connect 
charge for this service. 


yi Subscription Service: If you 
have a problem with, or a 
question about your subscrip- 
tion, you may call our service 
department toll-free at 
800-423-8272 (in New Jersey 
call 800-367-0218) during 
regular business hours (Eastern 
Time), You can also use 
Subscription Service to obtain . 
back issues. Should you care to 
correspond, use the following 
address: P.O. Box 6821, 
Piscataway, N.J. 08855. 


yÍ Editorial Indices: Available 
through our customer service 
department PO. Box 328, 
Hancock, New Hampshire 


03449. 


PAID SERVICES 


yí BIX: BY TE's Information 
Exchange puts you on-line 24 
hours a day with your peers 
via computer conferencing and 


electronic mail. All you need to 


BY TE’s Subscriber Benefits 


sign up IS a microcomputer, a 
modem, and telecomm soft- 
ware. For further information 
and cost, cal] 1-800-227-BYTE. 


ví Program Listings: Listings of 
programs that accompany 
BYTE articles are now avail- 
able on BIX, on disks or in 
quarterly printed supplements 
(see reply cards in this issue for 
cost information), or call 
1-800-258-5485. 


vi Microform: BYTE is available 
in microform from University 
Microfilm International in the 
U.S. and Europe. See Contents 
page for cost information. 

DISCOUNTS 

vj One-year subscription at $22.95 

VÍ Two-year subscription at $39.95 


Y] Three-year subscription at 
$55.95 


YÍ One-year group subscription for 
ten or more at $18.95 each. 
(Call or write for details.) 


TOLL-FREE NUMBERS FOR 
YOUR CONVENIENCE: 


Subscriptions & Back Issues: 
1-800-423-8272 
(in N.J., 1-800-367-0218 ) 


BIX: 1-800-227-BY TE 


Program Listings Orders: 
1-800-258-5485 
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Method two. 
xl solution 
x2 solution 
error in xl 
error in x2 


@. 68BCGO8R008G808880D+89 
0,1666666666666666070D-08 
e.1880000800888008000D4:01 
e.281892564846231153D-17 


Enter coefficients b and c separated by 


b 

c 

Method one. 
xl solution 
x2 solution 
error in xl 
error in x2 
Method two. 
xl solution 
x2 solution 
error in xl 
error in x2 


-0.380000000000000000D*18 


e.,100080800000000000D401 


@.68809a980e00e89000D+128 
8. 880008898088 998000D+08 
8.108600080000008008000D*01 
0Q.1880000880008000QBOD*O1 


9.6006008000000800008D*10 
8.166666666666666660D-89 
0.1000880000080089089D£01 
0.G0000000000008000000D*00 


spaces: 
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Listing 2: (a) A FORTRAN program illustrating various approaches to the 
calculation of a power series, followed by (b) a sample run of the program. 


Hir 


(a) 


program series 

double precision r, sum, sumup, sumdown, x 
double precision sumx(38), sumw 

index(x) = 4 + intí(-logl8í(x)) 

sumx(i) < 1le**(4-1) 


Raver Tol Pp Mgr 
i 

Lo&a 123 2 

MashCac 
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km = 36 


write (6, 1) 

write (6, *) ’Enter r and n separated by spaces: ’ 
read (5, *) r, n 

if (r .eq. 8) stop 


» 24 
pet? Protec 


COMPUTERS 
n 


* 


TEMO um 


L4 


Ld 
— 


sum = [(l-r**n) / (1-5) 
sumup = ĝ 
sumdown = ð 
do 15 j = 1,km 
sumxij) = 0 


continue 
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do 20 1 = 80, n-1 
sumup = sumup + r**í 
sumdown = sumdown + r**ín-1-i) 
j = index (r**i) 
sumx (4) = sumx(}) + r**1 
do ]6 k = }. 2, -1 
if tsumx(k) < l8**(4-k)) goto 268 
sumx(k-1) = sumx(k-1) + sumx lk) 
sumx {k} = @ 
continue 
continue 


sumw = 6 

do 25 j - km, Ll, al 
sume = sumw + sumx{}) 

continue 


M.H.l. WAREHOUSE 
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Hours B-5 MT M-F 9-2 SAT — 


| ^s -—— T 
[Te ie Hao La 
wm à quac s" Ade e Lh reme rtt 
yg p emer iade — eh birth 
ei aes) ce 
-— 

r 


connnued 


ie LA. sy es 


BETTER FLOATING-POINT RESULTS 


write (b, 2} r, 
goto 18 


sum, 


format {lx} 
format (' r 


(b) 


Enter r and n 


Sumw, 


correct partial sum 

‘ calculated with array 
‘ added from largest 

' added from smallest 


sumup, sumdown 


d25.18B 
das .1B 
d25.18 
d25.18 
d25.1B8j 


separated by spaces: .39 48 


F 8.9899999909999939291D42a 


correct partial sum 


@.331028241493803194540+02 


calculated with array 8.3310282414303194540+82 


added from largest 
added from smallest 


Enter r and n separated by spaces: 


i e 
correct partial sum B 
calculated with array 8. 
added from largest B 
added from smallest p 


@.3318028241432319312D+82 
8,3310282414383189454D«87 


.99 2038 


-989959999999999991D+08 
299999999813 6242567D+B2 
999999998136242567D+82 
2999999998135 6241004D+82 
69999999981 46241857D+e2 


Enter r and n separated by spaces: 8 1 


sumx array elements to arrive al sumw. 
Note that this algorithm works only when 
all the series elements have the sume 
sign. For an alternating series, you need 
separate arrays for the positive and nega- 
tive elements; merging the two arrays 
produces the final answer. 

Note that che calculation using the 
array of accumulators matches the accu- 
racy of the exact solution. If an exact 


solution is not known. then this method 
can be used to avoid loss of precision. al- 
though it is very slow. 

The design goals for an emulator arc 
influenced by the data types available in 
the language, the code sequences gener- 
ated by the compiler. and the compiler 
and run-time system's assumptions Te- 
garding precision. The 80x87 emulator 
we designed for RM/FORTRAN achieved 


our design goals of dramatic speed im- 
provement (approximately a factor of 5) 
with no loss of precision at the FOR- 
TRAN level. Although the emulator pro- 
duces results different from those pro- 
duced by the 8087 hardware, they are no 
less precise, 

To analyze a FORTRAN program to 
determine the precision of its output, vou 
need to know the size of the input num- 
bers. As the quadratic-roots problem 
demonstrated, the standard formula 
works fine for some argument ranges but 
is terrible for others. You must then ana- 
lyze each subtraction operation (or addi- 
lion of numbers with opposite signs) to 
determine if the operands of that subtrac- 
tion might ever be almost identical; if so, 
you should find another way to solve the 
problem, or at least be aware of the re- 
sulting loss of precision. [n general, the 
addition of two numbers that are far apart 
doesn't result in precision loss, unless 
you calculate a series of such additions. 

If vour FORTRAN program produces 
significantly different results on the 8087 
hardware versus the emulator, then you 
are using an algorithm that depends on 
64-bit precision arithmetic. Any small 
change to thal program may cause the 
compiler optimizer to reorder the object 
code such that the precision will drop to 
53 bits, even on the 8087 hardware. This 
is a simple though incomplete test for im- 
precise results. 

As the quadratic-root and series-sum 
problems showed, changing the numeri- 
cal algorithm at the FORTRAN level can 
have a larger effect on the precision than 
any compiler or emulator change. There 
is no substitute for analyzing the numeri- 
cal accuracy of the FORTRAN code, W 


» [BM PC Sofiware Package included or R8232 drivers to any computer (Apple, CPM, etc). 
Programs 27xx lo IMBit, 25xx, 68xx, CMOS, EEProms, 874x, 87105x, ZPRams & more. 


*Menu-driven. device selection; 
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No Personality Modules. 


Quick Pulse Programming. 


"Reads & Writes intel-, Motorolu-. Stmught- Hex & Binary files. Splits filescodd/even). 


‘Technical Support by phone: Bam-5pm voice, Spm-8am Bulletin Board (PT). 


*Builtenm Eraser/Timer option. Full documentation. Firmware upgrades available, 


+l year warranty. Money buck guarantee. Most umis same day shipment. 


*L10-115/220-240V AC. 


Visa & MC accepted. 


Call today for datasheets! 


B&CMICROSYSTEMS 


355 West Olive Ave. Sunnyvale, CA 94086 
PH:(408)730-5511 FAX:308-730-5521 TLX:984i85 
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UNLEASH YOUR 80386! 


Your 80386-based PC should run two to 
three times as fast as your old AT. This 
speed-up is primarily due to the doubt 
ing of the clock speed from 8 to 16 MHz. 
The new MicroWay products discussed 
below lake advantage of the real power 
of your 80386, which is actually 4 to 16 
times that of the old AT! These new pro- 
ducts take advantage of the 32 bit regis- 
ters and data bus of the 80386 and the 
Weitek 1167 numeric coprocessor chip 
set. They include a family of MicroWay 


80386 compilers that run in protected 
mode and numeric coprocessor cards 
that utilize the Weitek technology. 

The benefits of our new technol- 
ogies include: 
* Àn increase in addressable memory 
from 640K to 4 gigabytes using MS- 
DOS or Unix. 
* À 12 fold increase in the speed of 32 bit 
integer anthrnetic. 
æ A 4 lo 16 fold increase in floating point 


mW 1167 Numeric 
Coprocsesor Board 


MicroWay 80386 Compilers 


NDP Fortran-386 and NDP C-386 are globally 
optimizing 80386 nalive code compilers thal 
suppor a number of Numeric Data Processors, 
including the 80287, 80387 and mW1 167. They 
generate mainframe quality optimized code and 
are $yntacticalty and operationally compatible to 
the Berkeley 4.2 Unix 177 and PCC compilers. 
MS-DOS specific extensions have been added 
where necessary to make if easy lo pod po- 
grams written with Microsoft C or Fortran and 
R/M Fortran, 

The compilers are presently available in two 
formats: Microport Unix 5.3 or MS-DOS às ex- 
tended by ihe Phar Lap Tools. Micro Way will por 
them to other 80386 operating systems such as 
OS/2 as the need arises and as 80386 versions 
become availabte. 

The key to addressing more than 640 kbytes 
is the use of 32-bit integers to address arrays. 
NOP Fornran-386 generates 32~bii code which 
execules 3 io 8 times faster than the current 
generation of 16-bil compilers. There are three 
elements each of which contributes a factor of 2 
io this speed increase: very efficient use of 
80386 registers to store 32-btt entities, the use ol 
kine 32-bit arithmetic instead of library calls, 
and a doubling in the effective utilization of the 
sygiem dala bus. 

An example of the benefit af excelent code isa 
32-bit matrix multiply, jn this benchmark an NDP 
Fortran-3B6 program is run against ihe same 
program compiled with a 16-bit Fortran. Both 
programs were run on the same 80386 system. 
However, the 32-bit code ran 7.5 times faster 
than the 16-b code, and 58.5 times faster than 
the 16-bit code executing on an IBM PC. 

NOP FORTRAN-356™ 2.0.0... ee eee $595 
NDP C-386"......... pauta i ($595 


Micro 
Way 


MicroWay Numerics 


The m¥W1167™ is a MicroWay designed high 
speed numeric coprocessor that works with the 
80386. It plugs into a 121 pin '^Veitek" socket 
(hat is actually a super set of the 80387. This soc- 
kel is available on a number of motherboards 
and accelerators Including the AT&T 6386, 
Tandy 4000, Compaq 386/20, Hewlett Packard 
AS/20 and MicroWay Number Smasher 386. It 
combines the 64-bit Walek 1163/64 floating 
point multiplier/adider with a Weitek/Intet. de- 
signed “glue chip", The mw1167"" runs at 3.6 
MegaWheistones (compiled with NDP Fortran 
386) which is a factor of 76 faster than an AT and 
? lo 4 times faster than an 80387, 

mW1167 16 MHz............ ered $1495 
mW1167 20 MHz .,................ 51995 


Monoputer™ - The INMOS T800-20 Trans- 
puter is a 32-bit computer on a chip that features 
a built-in floating point coprocessor, The T800 
can be used to build arbitrarily large parallel pro- 
cessing machines. The Monoputer comes with 
ether the 20 MHz TS00 or the T414 (a TBOO 
without the NDP) and includes 2 megabytes of 


speed over the 80387/80287 numenc 
copracessors. 

Equally important, whichever Micro- 
Way product you choose, you can be 
assured of the same excellent pre- and 
post-sales support that has made Micro- 
Way the world leader in PC numerics 
and high performance PC upgrades. 
For more information, please call the 
Technical Support Department at 

617-746-7341 
After July 1988 call 508-746-7341 


MicroWay ` 
80386 Support 


B0386 Multi-User Solutions 

ATS" - This intelligent serial controller series is 
designed to handle d to 16 users in a Xenix or 
Unix environment with as litte as 3% degrada- 
tion in speed. It has been tested and approved by 
Compaq, Intel, NCR, Zenith, and the Department 
ot Defensa for use in high pariormance 80286 
and 80386 Xenix or Unix based multi-usar 


systems. 

ATA - 4 See eee $795 
ATS - 8 USES. asec ene 12-8995 
AT16 = 16 users ITE, 1b... 


Phar Lap™ created the first tools that make it 
possible io develop 60386 applications which 
run under MS-DOS yet take advantage of the full 
power of the B0366. These include an 60386 
monitor/loader ihal runs ihe 803865 in protected 
linear address mode, an assembler, linker and 
debugger, These tools are required for the MS- 
DOS version of the MicroWay NOP Compllens. 


Phar Lap Tools... cie ee en rino rs $495 
PC/AT ACCELERATORS 
287Turbo- 10 10 MHz........... +++ + $450 


lrocessor memory. Transputer language Su ZB7Turbo-12 12 MHz....... evar 0550 
ort from Micro Weg indudes oe m i 287TurboPius-12 12 MHz ........... $629 
Pascal and Ë FASTCACHE-286 9 MHz Pere = 
Monoputer 7414-20 with 2 meg! ...81495 FPASTCACHE-286 12 MHz ...,...,... $399 
Monoputer T800-20 with 2 meg' " .$1995 SUPERCACHE-286 &»»mkwutsshuhhRUAmi $499 
Quadputer " can be purchased wih 2,30r4 MATH COPROCESSORS 
transputers each of which has 1 or 4 megabytes 80387-20 20 MHZ. .,,.ap.rasss sass: S895 
of memory, Quadpulers can be cabled together | BOSB8T-16 16 MHz........ TTL 
to build arbitrarily fast parale processing 80287-10 10 MHz........ í— . $345 
systems that are as fast or faster than today's 80287-5 8 MHz oo... cc yee see ves $259 
mainframes. A single T800 is as fast as an 80287-6 6 MHz ...... 0. ce eee $176 
80386/mW 167 combination! 8087-2 B MHz cases ceecccnasesses $154 
Biputer " T600/T414 with 2 meg’... . $3495 | c 248 d , ARMEE—-— : DOD 
Quadputer 4 T414-20 with 4 meg' ... $8000 
' Includes Occam 

The World Leader in PC Numerics 


P.O Box 79, Kingston, Mass. 02364 USA (617) 740-734 1 
32 High St, Kingston-Upon-Thames, U.K., 01-541-5466 
St. Leonards, NSW, Australia 02-439-B400 


MARCH 1988 * BYTE 237 


BACK ISSUES FOR SALE 


oe 73 


ANT | Sa 0) 
miii 
FCICCI m 
Spin | $6.00 [$6.00 | — | 


som? [son 


S5 O0 | SUM) | Secu 
C hel. ete tne 


SPECIAL ISSUES and INDEX 


Be TE ‘83-84 INDEX G7 tk) 


BYTE 1985 INDEX 280 
| 1984 Special Guide to IBM PCs 54.75 
1983 INSIDE THE IRM PCs a 


$4.75 
1986 INSIDE TIE IBM MCs 


APPLICATIONS SOFTWARE 
TODAY SPECIAL 


&3XI 


$4.01 


Crrele ind sem requests 
td) paying NI 


BYTE Back Issues 
One Phoenix Mill Lane 
Peterborough, NH 03458 

(603) 924-9281 


FLOATING-POINT PROCESSING 
RESOURCE GUIDE 


FLOATING-POINT SURVIVAL KIT 


Computer Systems Architects 
950 North University Asc 
Provo, UT 83604 

The PART ! processor board 
provides Jour 1800s cach with a 


Logical Systems 

742 Fourth Si, SW 

Corvallis, OR 97333. 

4 rraasputer C compiler 
asseniblerdinker package, written 


Divani tns forem adenine Pe 
nisle nr 0S Fady poeple ata CN Jun 


4 [SA Maier’ ard 
CARD P 
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The abeat. prices melde postage m the US. Please adii $50 per capy fr 
Caria and Merre ard $343) per ropy bà funeri cutre surface 
deinem: | Plage aluc 4 neek for domm delivery amd U2 ineeks jor joreign 
delitery. 


NAME 
ADDRESS 


city STATE, |. ZIP 


C programmers are talking about C talk?" 
The easy way to add the POWER of 
OBJECT-ORIENTED Programming to C 


C_inlk extends your C compiler to a real Object-Oriented Language !OOL! 
li i$ not n new language; lt simply adds Smalitalk-itke features to C: 

Q Encapsulaiton 

Q Messaging (Dynamic Binding) 

TU] Inhentanee 


C iik offers all of the udveniuges of OOLs: 
C A highly modular sofia dexign methodology 
i) Reusable software components 
Extendable sofiware components 


Pius the advantages of C: 
Ch Speed, «ize, Texibilliy 
C) Ease of application delivery 
U Access w C Tibrgnes gad C tool veu. 


C_talé consists of an application development environment with: 
D) A powsrful Srallialk-like Browser for browsing. defining and edillng 2^ 
applicauon 6 object class hierarchy 
C) A Preprocessor fur converting object class descrip pipi staneland C 
programs that are cormparahle with popular C compilers 


J Aninicgtited, semana Make unliiy for controling the preprocevung, 
compiling and linking of un application, obicel classes. C files or branes 


C_talh Is designed 10 run on an IBMS PC tor comparable) vitii one of die follewing C 
compiler. Microsoft® C, Lauice C. Turbo C. or C46, A system configured vith à hard 
| drive and reause da highly recommended, 


To ondier 

CSS, Inc. 

Software Products Gepi. 
7090 Shady Oak Rond 
Eden Prairla, Mh. $54 
(6t) 344-11 TY 
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in C: includes the source code 
to ihe campleie compiler. 
inquirv 956. 


megabyte, plugs into a PC 
cemparible 
Inquiry 955. 


ANSULEEE Standard 754-1985 for Binary Floating-Point Arithmetic 
IEEE. Computer Society. Los Alamitos, CA, 1985. 


IMS TEDO Data Sheer. (NMOS Corporation, PO Box 16000, Colorado 
Springs, CO 30935 


MeMahon, F. H. The Livermore FORTRAN Kernels: A Computer Tesi 
uf the Numerical Performance Range. Technical Report UCRL-53745. 
Lawrence Livermore National Laboratory, National Technical 

Information Services, U S, Department of Commerce, Springlield, VA 


Roscoe, A. W., and C. A. R, Hoare. fhe Laws of Occam 
Programming: Oxford Unisersiis Computing Laboratory. Programming 
Research Group, 8-11 Keble Rd.. Oxford OX 1 30D. U K. 


Barrett, Geoff, Forma! Methods Applied to a Floating Point Number 
Sistem, Oxtord University Computing Laborator. Programming 
Research Crroup. 


FLOATING-POINT HARDWARE, 


Motorola Semicanductor 
Producers Inc, 
3801 Ed Bluestein Blvd 


Data Translation fac 
100 Locke Dr , 
Marlboro. MA 01752 
Array procevsors, floating-point Austin. TX 78721 

accelerators, and orher plug-in 58881 floaring-poiar coprocessur 
boards far PC vompautibies. un. 

[Inquiry 957. [nquirs 959, 


Week Inc 

TOGO East Arques 

Santa Clara, CA 95051 Sunnyvale, CA 94036 

Ha? floating-mpwnt Fluadng -poml coprocessor chip 
CUPFOCESSON unis. OTS 

[Inquiry 948. Inquiry 960. 


Intel Corp. 
1065 Bowers Ave 


EMULATING FLOATING-POINT HARDWARE 


Cody, William J., and William Waite. Software Manual for the 
Elementary Fue tons Englewwal Cliffs; NJ: Prentice-Hall. 1980 


Hart, Johu F., E. WW. Cheney, et al, Comparer Approvunacions, New 
York, Robert E Krieger Publishing Company, 1978 


Isaacson, Eugene, and Herbert Bishop Keller. 4naissis of Numerical 
Methods New York: John Wiles and Sons. i966 


Knuth, Donald. Fhe Art of Computer Programming ~ Semmumereul 
digertiuns Reading, MA Addison Wesley, 1968 


The new Diconix 300desktop plain paper printer. 
So quiet, so small, so fast, you could mistake it for the Diconix 150. 
Before you decide on a PC printer, reflect on this. 


[DILCOINIDX 


A Kodak Company 


3100 Research Boulevard 
Dayton, Ohio 45420 
1-800-DICONIX 

s Semr-auromatic paper handling 
@ 308 characters per second 

* [BM & Epson emulation 
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Micron Technology, Inc 
systems Group 

2805 East Colurnbia Road 
Boise, Idaho 83706 
1-800-MICRON-] 

(208) 386-3800 


ET 
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a uk 
m phat i 
— E x 


The first and only" hardware board that fully 
supports EMS, EMS 4.0 and EEMS 

Fully populated with 2 or 4 MB of Microns own 
dynamic RAM memory components 

Purchase 2 MB mothercard and 2 MB deaughter- 
card separately or together to ft in a single slot! 
Designed to work with 80286 and 80386 based 
systems 

Provides expanded and/or extended memory 
operation 

Automatically configures around bad memory 


ug | 
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— speeds up to 8 MHz zero weat-stote end 


12 MHz with one wait-state 

Backills conventional memory to 640KB 

Dara 1s parity protected 

Easy-to-use installation and configuration soft- 
ware —no switches to set! 

RAM diagnostics, RAM disk and print spooler 
software included 

Warranted for 2 years to registered users 

Each board is tested under a wide range of en- 
vironmental conditions to insure high reliability 


Compatible with DOS, OS/2, UNIX and XENIX and quality 
operating systems 8 Made in the USA 
Operating Speeds Order Number 
Up to 6 MHz with zero wait-state 
Up to 10 MHz with 1 wait-state MB-26-DH MEB-46-DH 
Deaughtercard for MB-26-DH MB-26-DD 
Up to 8 MHz with zero weaitstate 
Up to 12 MHz with 1 wait-state MB-28-DH MB-48-DH 
Daughtercard for MB-28-DH MP-28-DD 


[aM PC 
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:OAT ara OS. 


CN 


TECHNOLOGY, INC. 


4 me rexpsered uckxderra ks ol iternatcnal Business Machnes Corecrauon 


UNIX 6 req.stered modemcrk Ol ATAT XENIX 15 a tecn£tered trocierregk of Mocroscit Corpormuon 


BYTE 


Features 


243 Ciarcia’s Circuit Cellar: | i m 
The BCC180 Multitasking 
Controller 
Part 2: Memory Management 
and Windowing — B 
by Steve Ciarcia | 


249 Better Bit-Mapped Lines 
by Jerry R. Van Aken and 
Carrell R. Killebrew Jr. 


255 Focus on Algorithms: 
Multicolumn Paged Text 
by Dick Pountain À 


265 It’s All in the Symbols 
by Merrill Cornish 


273 System Calls in Modula-2 
by Richard P. Rankin 
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HypertExpert Systems 


pet dad totally new from me owt Garden 


HYPERTEXT 


Announcing KnowledgePro: a new developnier 


Hypertext lets you link related concepts, logic 
or procedures. It adds a whole new dimension to 
written material like training manuals, help systems 
and reference works. Hypertext allows users to 
access information in a non-linear fashion by follow- 
ing a train of thought. Hypertext lets the reader 
control the level of detail and the type of information 
displayed. But that's just one side of tha coin. 


EXPERT SYSTEMS 
The other key ingredient to real exchange of knowl- 
edge via the computer is control by the author. 
Thats why integration of hypertext and expert 
systems is such a breakthrough — it lets communi- 
cation take place between teacher and pupil, author 
and reader, expert and novice. It lets each side 
REACT to what the other says. 


si 


environment, from 


Knowledge Garden. It integrates ITER with ECL ILE 


KNOWLEDGE PROCESSOR 


gi know lege processor KnowledgePro iG 


\ 


X 


KNOWLEDGEPRO 


The age of packaged knowledge is upon us. 
PC's now have the power to manipulate, store 


KnowledgePro is a totally new development envi- 
ronment created by Bev and Bill Thompson. It costs 
$495 plus $5 shipping and handling and runs 


Big corporations can 


A LANGUAGE FOR 
EXPERTS 

KnowledgePro is for experts because it 
provides a wide variety of structures to 


like inference, list processing, topics, 
procedural control and inheritance. You 


vages and interface to other programs. 
You can read DBASE Ill and LOTUS 123 
data directly into the knowledge base. 


GARDEN 


Inc. 


IBM is a registered Irademark of international Business Machines Ine KnowledgePro (S 3 trademark of Knowledge Garden Inc. 
DBASE Ill is a trademark of Ashton Tate. LOTUS 123 !5 a registered trademark of Lotus Development Com 


Photo. T 


and retrieve. knowledge using KnowledgePro, 
A and 


effective, simple and aes tici 
munication of knowledge àn disk. 


work with. It has many advanced features, 


can write new procedures in other lang- 


Published by 
Another intelligent 
ENE WENN tooi in the 
Know edge Knowledge Garden 


family of products. 


on IBM PC, XT, AT of PS/2 with 512k memory. 
KnowledgePro is not copy-protected and there are 
no run-time fees. A working demonstration disk is 
available for $30 with full credit E purchase 
of KnowledgePro. Call toda 


TO ORDER 
Call 518-766-3000 (American Express, 
Visa, M/C accepted) or mail yo | 
today. A Check. 


A TOOL FOR 


BEGINNERS 
KnowledgePro let's you communicate ipee + i 
knowledge, easily and without spending Nassau, NY 32123 j 

weeks on the details. KnowledgePro 

handles the details for you. It provides The run-time version of KnowledgePro 
gasy access to colors, windows and is free on the electronic networks or 
mouse control. It's been called the BASIC $15 from Knowledge Garden uon 
of the 80's because anyone can get , 


results quickly — and then grow into more 
sophisticated features at their own pace. 
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CIARCIA’S CIRCUIT CELLAR 


Part 3: Memory Management 
and Windowing 


Steve Ciarcia 


The BCC180 
Multitasking Controller 


The BCC 180’s multitasking BASIC 
compiler can operate on a variety 
of hardware—even on an IBM PC 


For the past two months, ['ve been discussing a 
64180-based multitasking computer, the 
BCC180 (see photo 1). In common with most of 
my projects, it is hardware, but because of its 
unique multitasking capabilities, I have made 
| | much of the presentation a tutorial on multitask- 
ing. This month, I'll conclude with a discussion of the memory 
management and windowing capabilities of BASIC-180. 


Memory and the 64180 
The 64180 processor has two great advantages over the Z80. 
First, it contains a wide variety of on-board peripherals, includ- 
ing timers and universal asyn- 
chronous receiver/transmit- 
ters (UARTs), Second—and 
more important— it has an on- 
board memory management 
unit (MMU). 

The MMU lets the 64180 
directly address up to |! mega- 
byte of memory. The memory 
connected to the 64180 is 
called physical memory; it is 
the entire "universe" of mem- 
ory available to the processor. 
The memory that can be ad- 
dressed with any one map, or 
configuration, of the MMU is 
called the logical address 
space. Every address gener- 
ated by a user's program is a 
logical address. 

The MMUN"s role is to 
translate logical addresses 
into physical addresses. If, for 


> - 


Photo 1: The BCCI80 (tall 
board in the rear) shown here 
in a typical process-control 
configuration. In addition to 
the BCC180's own 
functions, this system has 32 
channels of 12-bit A/D and 
16 channels of optoisolated 
AC FO. 


' vo - 
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example, a program tries to reference location Q, this is a refer- 
ence to logical address 0. The actual physical address will be a 
function of the mapping of the MMU. It may indeed use physi- 
cal address 0 (on power-up, the MMU translates every logical 
address to exactly the same physical address). Or, if the pro- 
gram had set the MMU, it could use physical address 10000 
hexadecimal. (For the remainder of the article, all addresses 
will be in hexadecimal unless otherwise specified.) 

The 64180’s MMU lets programs segment the memory on 
any one map into three different areas. For instance, references 
to logical addresses 0 to 3FFF could access physical addresses 0 
to 3FFF, references to logical addresses 4000 to 7FFF could 
access physical addresses 10000 to 13FFF, and the last half of 
the logical space could access physical addresses 40000 to 
47FFF. Virtually any combination is possible. 


Using All Available Memory 
Although the MMU provides a fairly convenient way to handle 
large amounts of memory while still maintaining Z80 compati- 
bility, it is not magic. The 
MMU is useless unless appli- 
cations programs are specifi- 
cally written to use it. None of 
the thousands of existing 
CP/M programs can take ad- 
vantage of the power of the 
MMU, even running on a 
64180, they are still limited to 
64K bytes of memory. Han- 
dling the MMU is not trivial. 
Only a handful of programs 
have been written to take ad- 
vantage of this powerful fea- 
ture. Fortunately, BASIC-180 
is one of these. 

Writing a compiler that 
generates code to automati- 
cally remap the MMU is a 
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pretty tough task. How would you do it? One approach ts to start 
compiling code from address 0 until FFFF is encountered, then 
(or shortly before) drop in code to remap the MMU so the nex 
64K-byte region is available, and so on. This approach can be 
made to work, but you pay a high price in terms of performance. 
Every FOR...NEXT, GOTO, and GOSUB may require MMU re- 
mapping. Worse, every time a program calls built-in run-time 
routines (of which there are always many), software may have lo 
remap the MMU. 

Interestingly enough, the IBM PC's famous lack of perfor- 
mance is partially due to this. Although the PC does not use a 
conventional MMU, addresses are pretty much limited to 16 
bits. Address references outside a 64K-byte region must involve 
munipulation of the 8088's segment registers, hampering the 
machine's performance. 

BASIC-180 takes a unique approach. In all operational 
modes except MAPCOMPILE (which I'll describe later), when à 
BASIC-180 program is running, it ignores the MMU. (Of 
course, BASIC-180 does initially configure the MMU, but this 
occurs only at the program's start.) This ensures that BASIC- 
180 is compatible with all 230 systems. You can compile pro- 
grams of any size to disk, even though the compiler uses only 
around 48K bytes. If you compile a program using the MAPCOM- 
PILE command, BASIC-180 uses the memory map shown in 
figure 1. 

BASIC-180 compiles the “run-time package" —or library of 
support code required by a program—at logical address 0 to 
3FFF. The compiler maps these logical addresses to the same 
physical addresses (0 to 3FFF). 

The variable area consists of boih variables defined in the 
program and temporaries required by the run-time routines. 
This area musi reside in RAM, whereas all the compiled code 
typically is in EPROM. The temporary area is compiled from 
the top of logical memory (64K) down for as far as is required. 
If 16K bytes of RAM is needed, it is compiled to logical address 
C000 to FFFF. This area is mapped to physical addresses start- 
ing at 7FFFF and down. 

Finally, BASIC- 180 compiles the user's program into logical 
addresses between the run-time and RAM areas. Every task is 


etc 


- Hun-time 
package 


Run-time 
package 
- 00000 


Logical memory Physical memory 


Figure i: Memory map for programs compiled using the 
MAPCOMPILE command, showing the relationship between 
logical memory and physical memory. 
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compiled to the same range of lagical addresses. Thus, the lead 
task starts at address 4000, as does task 1, task 2, and so on. 
Although these tasks have the same logical address, they reside 
in memory at different physical addresses. The upshot is that, 
since a given task "sees" only its own logical space, multiple 
tasks executing on the same system are largely unaware of one 
another. 


Context Switching 

The trick to the success of this approach is context switching. In 
a multitasking environment, only one task can be executing at 
any specific moment. BASIC-180 takes advantage of this fact by 
having the context switcher remap the MMU whenever a tick 
interrupt is received. The currently executing task's context is 
saved, and this task is mapped out ( "into the ozone," as the 
experts say) and the next task mapped in. Now, the new task is at 
the same logical address space as the last one was and can start 
running. 

On the BCC180, a hardware interrupt drives the software 
context switcher to sequence multitasking. The interrupt is pro- 
vided by the 64180's internal timer number 0, which BASIC- 
180 canfigures to generate 60 interrupts per second. The inter- 
rupts from the timer invoke BASIC-180's context switcher, 
which must then suspend execution of the current task and de- 
cide which task to execute next. 

The context switcher is structured around a table called the 
task contro! block (TCB). Each TCB entry includes the task's 
current state (e.g., active and suspended), its reschedule inter- 
val (specified on the task's RUN statement), how many ticks are 
left until the interval elapses, the task's priority, the task's 
memory management map (so the context switcher knows 
where the task exists in physical memory), and the task's cur- 
rent stack pointer, 

Each time the context switcher is invoked, it examines every 
entry in the table to determine which task must run next, search- 
ing in order of priority. The switcher checks tasks' states to find 
those that are either suspended (whose execution was stopped in 
midstream by an interrupt) or ready (they've never been exe- 
cuted but are now ready for execution). It examines tasks of 
equal priority in a round-robin fashion, giving them all an equal 
chance to execute. 

The switcher starts a ready task at that task's first executable 
location, and a suspended task at the location it left off when last 
interrupted. If no task currently requires processor time, the 
context switcher idles, waiting for the next interrupt. (See table 
i for a further breakdown of task states.) 

Context switching is a complex procedure, requiring a sub- 
stantial number of instructions. The TCS is arranged in a dou- 
bly sorted order (by round-robin and by task priority) to speed 
TCB searches. At 60 ticks per second, less than 5 percent of the 
processor's time is consumed by context switching. 

The process of remapping the MMU occupies a tiny percent- 
age of the context-switching time, so little processing overhead 
is added. The system can therefore manage large multitasking 
programs with numerous tasks that spraw] across a megabyte of 
memory at linie expense of processor time. 

The 64180's MMU has a minimum mapping resolution of 4K 
bytes. Therefore, each task compiled by BASIC-180 will take at 
least 4K bytes, since each task must reside iri a separate map. 

The revision 1 mask of the 64180 in a plastic leadless chip 
carrier (PLCC) package supports 20-bit address spaces or | 
megabyle of RAM. BASIC-180 has a somewhat arbitrary limit 
of 32 tasks per program. In a |-megabyte address space, each 
task can therefore take up to 32K bytes (since 32K bytes x 32 
tasks = | megabyte). This is quite reasonable, since the run- 
time package uses 16K bytes. If 16K bytes of RAM is required 
for variables and temporaries, 32K bytes is left for tasks in the 
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logical address space (16K run time + 16K variabics/tempo- 
raries + 32K program = 64K, the Jogical address space of the 
64180). 

As you can see, in BASIC- [80 large programs are intrinsi- 
cally tied to multitasking. Nonmultitasking programs are re- 
stricted to 64K bytes of total memory use. This encourages pro- 
grammers to think in terms of segmenting a program into 
separate, asynchronous activities. A future Circuit Cellar will 
cover a multiprocessor system, in which this programming style 
becomes very important. 


Interactive Compilation 

I don't have the patience to use most high-level languages. The 
scenario usually goes like this: You invoke an editor, enter the 
program, call up the compiler, which inevitably points out a few 
misplaced semicolons (I thought the computer was supposed to 
relieve me of trivia. , .), so you have to go hack to the editor, fix 
the code, and recompile, by now hoping desperately that some 
other silly syntactical mistake isn't stil] lurking. 

After the compiler is finally happy, you repeat the same pro- 
cess with the linker. (Oh, no! The linker looks at only seven 
characters of a symbol, but my language recognizes eight! Back 
to the editor, boys.) Finally, you're ready to test the program. If 
it doesn't work, you'll often edit lots of print statements into the 
code to try and localize the problem. No wonder programmers 
get only 10 lines of good code a day. 

BASIC-180 supports two very different development envi- 
ronments. You can write and test code on the BCC180 itself, or 
you can write and at least partially test code on a host computer 
like the SB180. This kind of cross-development environment ts 
nice because you can use all the resources of the operating 
system. 

The most important of these is the disk system. (I'm seriously 
considering adding a floppy disk drive and small computer sys- 
tem interface [SCSI] hard disk interface board to the BCC bus 
very soon. Circuit Cellar Ink will contain news of that construc- 
Gon project.) You can save various versions of the source and 
compiled code. adapt portions of old programs for use in a new 
ane, and take advantage of operating-system utilities to ease the 
development process. 

The downside of developing code on a host system is the lack 
of compatible I/O. In any process-control system, the BCC180 
will no doubt be connected to unusual J/O devices not available 
ta the host development system (e.g., parallel I/O lines con- 
nected to contact closures, relays, and so forth). For the present, 
this involves a trade-off. 

Most systems use limited access to I/O. If speed is not the 
overriding consideration, you should use well-designed modu- 
lar code to segment the 1/O drivers into driver routines. When 
operating in a cross-development mode, you can replace these 
drivers with code that simulates the behavior of the physical de- 
vices. Perhaps only limited simulation is practical, but you can 
still test much of the code. 

BASIC-180 will run on the SBI80 just as it does on the 
BCC180. The BASIC source code is 100 percent compatible. 
BASIC-180 will even run on an IBM PC under a CP/M simula- 
tor like ZSIM from Z-World. 

On a cross-development system, you can compile and test 
BASIC code in one of three ways: interactively, using the DISK- 
COMPILE command, or using the MAPCOMPILE command. 

When compiling interactively, BASIC- 180 appears to operate 
just like an interpreter. You sign on to the BASIC and edit, run, 
test, and modify programs, all under the control of BASIC- 180. 
BASIC-180 includes a line editor for easy entry and alteration of 
programs. Using the SAVE and LOAD commands, you can save 
code to and load it from disk. 

The RUN command starts a BASIC program executing, às in 


Table i: Task states. 


Active: Tha task is actually executing. Only one task can be ac 
tive at any tima. 


Ready: The task has as yet not been executed but is ready for 
| execution as soon as CPU ume becomes available 


Suspended" The task was executed but was preempted by a 
clock tick. It is ready to resume execution from where it lett off as 
soon as CPU nme becomes available 


Waiting: The task was execuling bul pul itself in an idie mode 
The CPU wil restart the task after a specified amount of time 
measured in clock ticks 


Dormant: The task has not been made available tar execution It 
requires no CPU time. 


an interpreter. However, when you issue RUN, BASIC- [80 com- 
piles the program into true native machine code, then executes 
it. The program— being compiled instead of interpreted—runs 
faster. Furthermore, the RUN command causes BASIC-180 to 
compile the program to RAM — not disk—so compilation i5 also 
speedy. (On the SB180, compilation is over 150 BASIC state- 
ments per second.) Best of all, you can test, modify, and retest 
the program in seconds, just as in an interpreter. As far as l'm 
concerned, this is the only way to develop code. Only a few 
other languages now use this approach. 

Once you have your program working the way you want it to, 
you cun compile it to ao efficient disk file using the DISKCOM- 
PILE command. BASIC-180 reads the BASIC source code from 
a disk file, converts it to native 64180 object code, and saves it 
to a stand-alone executable file, just like any other CP/M 
program. 

You can use DISKCOMPILE to create program files that you 
ultimately convert to Intel hexadecimal format and burn into 
EPROMs for stand-alone execution on the BCC180. BASIC- 
180 always generates ROMable code. This means that programs 
created with BASIC-180 require only limited operating-system 
support, if any, and the code and data areas of a BASIC-180 
program are kept separate. BASIC-180 lets you define where 
RAM should be, so you can support the segmented memory 
Lypical of ROM-based systems. 

To create large multitasking programs, you use BASIC-180's 
MAPCOMPILE command. MAPCOMPILE produces a root . COM 
file that contains a loader and the run-time routines. It then gen- 
erates a file for each task. These files have the extension .Txx, 
where xx is the task number, When you invoke the root program 
(by typing its name, just as you would for any other .COM file). 
the built-in loader reads each of the task files from disk into the 
proper area of physical memory, remapping the MMU as 
required. 


Plug and Go 

A truly unique feature of the BCC180 version of BASIC-180 is 
that the compiler itself, and not just the compiled code, can op- 
erate from ROM on the BCC 180. Most languages need a great 
deal of operaung-system support. A few interpreted BASICs op- 
erate from ROM (like the ROM BASIC for the IBM PC), but 
you'll find few ROM-resident BASIC compilers. 

BASIC-180 supports its interactive development environment 
even in ROM. You'll find nearly al! the features available on 
disk-based systems in the ROM version, including a line editor. 

conned 
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The ROM version of BASIC-180 requires just the BCCIR8O 
board, a terminal, and a power supply (you'll need the optional 
BCC180 EPROM programmer board to generate ROM-based 
programs). When powered up, the BASIC or a system monitor 
is available immediately. You can enter, edit, and test pro- 
grams, just as if you were using an interpreter. 

The great advantage of developing code on the BCCI180 is 
that you have all the BCC180's resources available. There is no 
need to write I/O simulation routines; you can develop critical 
L/O handlers interactively, Without disks, however, there would 
seem to be no way to save BASIC source or compiled code. For- 
tunately, past experience suggested a solution to this problem. 

One of the better features of my 8052-based BCC52 is its on- 
board EPROM programmer that functions like write-once mass 
storage. I can't stand to rekey programs, so when Softaid's peo- 
ple designed this BASIC-180, I had them add the ability to save 
programs directly to EPROM in the same manner as the 
BCC52. When you connect the BCC180’s auxiliary EPROM 
burner, you can use ROMSAVE and ROMLOAD to save and retrieve 
programs to and from an EPROM (27256). BASIC-180 burns a 
tokenized (compressed) form of the BASIC source program into 
the EPROM. 

Of course, BASIC-180 doesn't create any sort of file struc- 
ture on the EPROM. ROMSAVE simply burns each program into 
the next unused spot in the EPROM, assigning that program a 
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Photos 2a and 2b: BASIC-180's multitasking windows are 
sophisricated enough to simulate a Macintosh environment on 
a serial terminal, as shown in (a) and (b) above. 
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sequential number that ranges from | to the number of programs 
in the EPROM. You load 2 program from an EPROM using 
ROMLOAD, which requires as an input argument the ROMSAVE- 
generated number of the program. 

You can also use MAPCOMPILE to compile programs into the 
EPROM. In this case, MAPCOMPILE burns the programs into the 
EPROM at the compiled physical addresses, so that you can 
create a program that executes on power-up by placing the 
EPROM in the appropriate BCC180 ROM socket(s). 


Windowing 


When [ first ran into multitasking, ] was confused as to how 
different tasks would handle terminal display F/O. What hap- 
pens when I program three tasks to simultaneously display re- 
sults? Do I end up with a jumbled mess of asynchronous PRINT 
statements going to a common display? Of course not. 

BASIC-180 givcs you a complete set of window control state- 
ments. A window is a subsection of the CRT display terminal 
with a definable size and position. A window can be any size (up 
to 24 lines by 80 characters), and you can have up to 10 windows 
in use at once. When your program selects a window, all output 
will go to that window until the program selects another. The 
window's borders act as barriers to PRINT statements (see 
photos 2a and 2b). 

BASIC-180 lets you assign windows to tasks, so that you 
might assign window | to task 4 and window 2 to task 12. All 
output from task 4 will then go to window |, and all output from 
task 12 will go to window 2. 

The following BASIC-180 statements control windowing: 


WINDOW defines n window's size and location. 

WSELECT selects a window for output. 

WFRAME draws an outline around a window. 

WCLEAR erases a window. 

WSAVE saves the contents of a window to an array. 

WUFDATE restores to the screen a window that has been saved 
with WSAVE. 


The following program defines a square window 10 charac- 
ters wide and high, whose upper left corner is at column 10, row 
10, on the CRT. It is defined as window number 1. A box is 
drawn around it using the “__" and "|" characters: 


10 WSELECT 1 
20 WINDOW 10,10,20, 20 
40 WFRAME "_", "| T 


All subsequent PRINT statements will send their output to this 
window. 

The WSAVE and WUPDATE statements let you write programs 
with pop-up or pop-down windows, so you can create programs 
with a Macintosh-like user interface. WSAVE saves on-screen 
data located behind the pop-up/pop-down window. and WUP- 
DATE restores the screen after the window has been removed. 

The following program draws three windows sidé by side on 
the screen and assigns a task to each one. All three tasks then 
run concurrently, each one writing to the window assigned to it: 


5 INTEGER T1,12,13,4,B,C, D,T 
10 ERASE 

100 DATA 1,1,10,10 

105 DATA 1,12,10,22 

110 DATA 1, 26,10, 35 

200 FOR Te0 TO 15 STEP 4 

210 WSELECT I / 4 

220 READ A,B,C,D 


conimued 


regression model... 


Select the points you want to remove from your 
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recalculate the statistics. 


Because “Statistical Graphics” 
Is Better Than Just Statistics and Graphics 


Most of today's PC statistical 
packages give you all the statistics 
you'll aver need. Some even give 
you a few graphics. But only 
STATGRAPHICS from STSC gives 
you integrated statistical graphics 
in an environment you control. 


Unique “What If" interactivity 


STATGRAPHICS lets you explore 
data relationships fully, producing 
higher quality, more timely 
solutions. Define your data and 
assumptions, run the procedure 
and review the results, modify 
data and assumptions repeatedly 
and take another look — and 
another. All without leaving the 
procedure or making permanent 
changes to your data. 


integrated Statistical Graphics 


Coupled with STATGRAPHICS' 
interactive environment are over 50 
types of graphs — traditional pie 
and bar charts, histograms, 3-D line 
and surface plots, quality control 
charts, and more. All are integrated 
with the procedures so that they 
can be displayed instantly and 
modified repeatedly. 


Query data points, do on-screen 
forecasting and model fitting, 
overlay graphs, or zoom-in on any 
area for a closer look. With 
flexibility like that, you can spot 
and investigate visual trends in 
your data—trends you may have 
missed if you looked only at the 
numbers. 
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A wide variety of graphs supported on over 100 displays, printers and 
plotters, including the new IBM PS/2™ Series. 


Over 250 Statistical Procedures 

* Direct Lotus" and dBASE* 
interfaces 

* ANOVA and regression analysis 

* Experimental design 

* Quality control procedures 

* Multivariate techniques 

+ Nonparametric methods 

* Exploratory data analysis 


* Forecasting, time series analysis, 
and more. 


STATGRAPHICS— 
The Best Way to Do Statístics! 


Put the power of STATGRAPHICS 

to work for you today —all for only 
$895*. For our free convincer kit or 
the name of a dealer near you, call 


(BOO) 592-0050 ext. 400 


In Maryland, (301) 984-5123; 
Internationally, (301) 984-5412. 
Telex 898085 STSC ROVE 


STSC 


"Suggested retail price in U.S. and Canada. International 
orices vary. Avaitable through dealers and distributors 
worldwide, STATGRAPHICS, PLUS* WARE, Lotus, and 
dBASE are registered trademarks of Statistical Graphics 
Corporation, STSC, Inc., Lotus Development Corporation, 
and Ashton Tate, respectively. 
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230 WINDOW A,B,C,D 

240 WFRAME a 94 "| " 

250 WINDOW A + 1,8-1,C- 1,D-1 

260 NEXT I 

300 RUN 1, 30 

301 RUN 2,50 

302 RUN 3,70 

310 GOTO 310 

1000 TASK 1 

1010 WSELECT 0 

1020 WCLEAR 

1030 FOR T1=1 TO 9: 
PRINT "TASK 1": WAIT 5: 
NEAT Ti 

1040 EXIT 

1100 TASK 2 

1110 WSELECT i 

1120 WOLEAR 

1130 FOR T2=1 TO 9: 
PRINT "TASK 2" : WAIT 5: 
NEXT T2 

1140 EXIT 

1200 TASK 3 

1210 WSELECT 2 

1220 WCLEAR 

1230 FOR T3721 TO 9: 
PRINT "TASK 3": WATT 5: 
NEXT T3 

1240 EXIT 


Windowing makes exiensive use of the cursor-positioning 
commands of the terminal you're using but, since no standard 
exists for terminal cursor positioning, the disk-based version of 
BASIC-180 comes bundled with an installation program that 
lets you configure it for your terminal or terminal emulator (the 
ROM-based version has patch points). BASIC- 180 can support 
virtually any terminal's format. 


In Conclusion 

Finally. ] am the quintessential nonprogrammer. I even design 
hardware to get around programming. The BCC180 and 
BASIC-180 do serve my purpose, and I hope you find them use- 
ful as well. Indeed, they let you work in an easy language, and 
they support the multitasking that has become so essential as 
applications become more complex. But, foremost, they raise 
personal computing performance to 1 level you would expect 
only in more expensive microcomputer systems. 


Next Month 
The Circuit Cellar SmartSpooler. M 


i'd like to acknowledge and personally thank Ken Davidson and 
Jack Ganssle for their efforts on the BCCI80 project. Ken 
Davidson's extensive knowledge of the HD64180 helped us 
avoid the omnipresent hardware design pitfalls, and Jack 
Ganssle's superb software talents helped explain multitasking 
in a way that can really be understood. 


Editur's Note: Steve often refers to previous Circuit Cellar articles. 
Most of these past articles are available in book form from BYTE 
Books, McGraw-Hill Book Co., P.O. Box 400, Hightstown, NJ 08250. 

Ciarcia 's Circuit Cellar. Volume I covers articies in BYTE from Sep- 
ember 1977 through November 1978. Volume IF covers December 
1978 through June 1980. Volume If] covers July 1980 through Decem- 
ber 198i. Volume fV covers January 1982 through June 1983. Volume V 
covers July 1983 through December 1984, Volume Vi covers January 
1985 through June 1986. 
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it's virtually impossible to provide all the pertinent details of a project 
or cover al] the designs I'd like to in the pages of BYTE. For that reason. 
I have started a bimonthly supplemental publication (with no adveriis- 
ing) called Circuit Cellar Ink, which presents additional information on 
projects published in BYTE, new projects, and supplemental applica- 
tions-ortented materials. For a one-year subscription (6 issues), send 
$14.95 to Circuit Cellar Ink, P.O, Box 3378, Wallingford, CT 06494. 
Credit card orders can call (203) 875-2199. 


For more information on MTBASIC for Z80, 64180, or MS-DOS ma- 
chines, contact Softaid Enc., 8930 Route 108, Columbia, MD 21045, 
(301) 964-8455. 


The following items are available from 


Micromint inc 

4 Park St. 

Vernon, CT D6066 

For orders: (800) 635-3355 

For information: (203) 871-6170 
Telex: 643331, Fax: 2038722204 
Inquiry 932. 


iL A 9-MHz assembled and fully socketed BCC180 computer/con- 
troller board with 32K bytes of static RAM, ROM monitor, HASIC- 180 
development software (same as item 3), and user's manuals 
BCC180-1-20,............, $395; for additional 256K DRAM, add $100 
2. BCC186 PAK evaluation system. Contains a 9-MHz BCC180 board 
with 32K-byte static RAM, ROM monitor, BASIC-180 development 
software, MBO8 eight-siot backplane, CCOt 10-inch card cage, UPSIO 
35-watt switching power supply, and user's manuals. 

BCCI80-PAK ............. $595: for additional 256K DRAM, add $100 
3. BASIC-180 multitasking BASIC compiler for ROM- or disk-based 
development, Contains both BASIC-180 EPROM for direct use on 
BCC180 board and BASIC- 180 disk for direct use or software develop 
ment on SB180. Includes 100-page user's manual. Compiled code may 


be freely used without further license. BASIC-180 DEV .......... $250 
4, An auxiliary 27256 EPROM programmer board for ue BCCISO. 
BCCIBOPROGS,., akytos rela JW tesptsihbeélttoatilsepthtesubávM 2o n OF 
The fotlowing items are available from 

CCI 

P.O. Box 428 


Tolland, CT 06084 
(203) 875-2751 
Inquiry 933. 


1, A 9-MHz 8CC180 computer/controller complete kit with 32K bytes 
of static RAM, ROM monitor, BASIC-180 development software. and 


user's manual. BCC180-KIT-20............. esses io SD 
2. BCC180 auxiliary 27256 EPROM programmer board full kit. 
o —^"——€———OEOE—E—A—— $74 


For either source above, all payments should be made in U.S. dollars by 
check, money order, MasterCard, Visa, or American Express. Surface 
delivery (U.S. and Canada only): add $5 for U.S.. $8 for Canada. For 
delivery to Europe via U.S. airmail, add $14. Three-day air freight de- 
livery: add $10 for U.S. (UPS Blue), $25 for Canada (Purolator over- 
night), $45 for Europe (Federal Express}, or $60 for Asia and else- 
where in the world (Federal Express). Shipping costs are the same for 
one or TWO units. 


There is a mululine Circuit Cellar bulletin board system (running TBBS 
2.01 M) thal supports past and present projects in BYTE and Ink. You 
are invited to call and exchange ideas and comments with other Circuit 
Cellar supporters. The 300/1200/2400-bps BBS is on-line 24 hours a 
day at (203) 871-1988. 


To receive information about the Circuit Cellar [nk publication for 
hardware designers and developers, piease circle LX on the Reader 


Service inquiry card at the back of the magazine. 


Jerry R. Van Aken and Carrell R. Killebrew Jr. 


Better Bit-Mapped Lines 


Bresenham's Line Algorithm 
provides a quick way to approximate 
lines on a bit-mapped display 


rawing a line is à fundamental operation in a 
computer graphics system, but representing a 
line on a bit-mapped display is not as simple as 
it seems. The problem is that computers cannot 
represent a straight line exactly. Since few 
pixels are likely to lie exactly on the line, a line algorithm must 
choose a connected set of pixels that follows the path of the Hne 
as closely as possible. 

Early computer graphics systems used a digital differential 
analyzer (DDA) algorithm to choose the pixels for drawing a 
line. DDA line generation suffers because the algorithm uses 
Floating-point arithmetic, which is slow in a typical computer 
system. A line algorithm using simple integer arithmetic would 
be much faster. 

In 1965, Jack Bresenham of IBM published a fast line-draw- 
ing algorithm that uses only integer addition and subtraction. 
This article derives Bresenham's Line Algorithm from basic 
principles and provides source program listings in Pascal. [Edi- 
tar s note: Source code listings for this article are available on 
BIX. on BYTEnet, on disk, and in the Quarterly Listings Supple- 
meni. See "Program Listings” in the table of contents. | 


Drawing a Line Faster 

Figure ! illustrates the basic principle of Bresenham's algo- 
rithm. A line segment extends from the origin to a point (a,b), 
and the equation that must be satisfied by all points on this line is 


fiy) -bxx-axyczDO. 


Points that do not satisfy this equation lie to one side or the other 
of the line. As Bresenham's algorithm tracks the line from be- 
ginning to end, it measures the value of f(x, y) at regular inter- 
vals in order to choose pixels along the way to represent the line. 
At a point (x, v) located below the line, f(x, y) is positive (i.e., b 
X x — dg X y > 0), Above the line, fix, y) is negative. By moni- 
toring the sign of the function at or near the current pixel, the 
algorithm can tell whether it is moving too far above or below 
the line, and make a course correction when choosing the next 


Jerry R. Van Aken i$ a member of the development team for the 
TMS34010 graphics system processor. Carrell R. Killebrew Jr. 
is responsible for engineering and marketing for the TMS34010 
in personal computers and commercial applications. Both can 
be contacted at Texas instruments, P.O. Box 1443, Mail Station 
712, Stafford, TX 77251. 


pixel. This is a powerful technique that has been extended to 
computer drawing of more complex curves such as circles, el- 
lipses, and other conic sections. 

Figure 2 ts a line drawn by the algorithm. The line segment 
starts at (0.0). ends at (10,4), and is defined by the equation 


f(x,y)-4xx-—10xyz0Q. 


The algorithm selects the pixels in figure 2 that lie as close as 
possible to the actual line. As the line is drawn from left to right, 
each new pixel is selected to be either the pixel directly to the 
right of the previous pixel (a horizontal move), or the pixel 

above and to the right of the previous pixel (a diagonal move). 
The algorithm chooses between these two pixels by determin- 
continued 


Points on the tine 
satisly the equation 
Kx, y) = bx - ay «OQ. 


Paints above the lime 
satisfy tha relation 
f(x, y) = 5x - ay «O0. 


satisfy the relation 


| 
i 
i 
| 
Points below the line | 
| 
Áxy)j2bx-ay»Ü0. | 


Fignre 1: Basic principles of the algorithm. 


10 11 
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Figure 2: Pixel approximations of line from origin to (70,4). 
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Midpoint 


Figure 3: Examples of the decision process. 


Listing 1: A line algorithm restricted to the first 
öctant. 


procedure draw line (a, b: integer); 
{ a is the endpoint x 
coordinate. ) 
[ b is the endpoint y 
coordinate.) 


var X, { current x coordinate } 

y, { current y coordinate | 

d, ( decision variable } 

1: ( loop index ) 
integer; 


begin ( draw line } 


X r= @; { line starts at (8,8) } 
y i= 8; 
| for i :- @ to ado { Draw the a+1 pixels 
in the line. } 
begin 


draw pixel (x,y); 

d i= b * ix + x + 2) | Evaluate line 
formula at 
midpoint. ) 

So EX 
if d < 8 then ( Is midpoint above 
| the line? } 
x r= x t 1; { Yes, step 
horizontally. } 


else 

begin  " ( Midpoint is below the 
line, } 
X i= X + 1; ( so step diagonally. } 

y= yel 

end { else } 

end { for } 

end; { draw line } 


ing which is closer to the actual line. It does so by checking 
whether the point exactly halfway between the two pixels lies 
above or below the line. If the line passes below the midpoint, it 
chooses the lower pixel; otherwise, it chooses the upper pixel. 
Figure 3a shows where the algorithm chooses the upper pixel. 
It illustrates the decision process performed by Bresenham's al- 
gorithm in selecting the pixel at (4,2) in figure 2. The pixel at 
(3,1) is already turned on, having been selected in the previous 
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step. The problem now is to choose between the pixels at (4,1) 
and (4,2). To make this decision, the algorithm evaluates the 
function f(x,y} = 4 X x — 10 x yat a point lying at (4,1.5), 
halfway between the two pixels under consideration. At the rnid- 
point, the function evaluates to 4 X 4 — 10 x 1.5 = 1. Since 
this is a positive value, the midpoint must lie below the line. The 
pixel at (4,2) therefore lies closer to the line, and is selected. 
Figure 3b is an example where the algorithm selects the lower 
of the two pixels it considered. This figure illustrates the selec- 
tion of the pixel at (8,3) in figure 2. The algorithm chooses the 
pixel at (8,3) over the one at (8,4) by observing that the function 
f(x, y) evaluated at the midpoint (8,5.5) is 4 Xx 8 — 10 x 5.5 = 
—3. The negative value indicates that the midpoint is located 
above the line. The pixel at (8,3) therefore is closer to the line 
than the one at (8,4) and is selected. 


The Basic Algorithm 
Listing ] is a rudimentary form of the algorithm capable of 
drawing the line shown in figure 2. It takes as its input argu- 
ments the endpoint coordinates a and b. For the sake of simplic- 
ity, assume that the starting point is always (0,0) and thal the 
endpoint coordinates (a,b) satisfy the relation Ò < b < a, where 
a and b are integers. ( In other words, point (2,5) lies in the first 
octant of Cartesian coordinate space.) The algorithm is easily 
extended to overcome these restrictions, as we will show later. 
A drawback to this form of the algorithm is that each iteration 
of the inner loop requires two multiplications, which are more 
time-consuming than simple operations such as addition. A 
later version of the algorithm will replace the multiplications 
with simpler operations in order to speed up line drawing. The 
line drawn by the algorithm in listing 1 is described by the equa- 
tion f(x,y) = b X x — a X y = 0. Atthe start of iteration i of the 
for loop, a single pixel is drawn at the current location (x[: ], 
yli ) by the function drav, pixel. As illustrated in the examples 
of figure 2, the two candidate pixels for the next point to be 
drawn are located at (x[/] + 1,y[1]) and (x[j] + 1,y[/] + 1), and 
the midpoint of these two pixels is at (xfi) + 1.y[;] + t4}. The 
algorithm chooses betwecn the two candidate pixels based on 
the sign of f() evaluated at the midpoint, which is 5 x (x[i] + 1) 
— a X (y[i] + 4). The algorithm in listing |, in fact, assigns 
twice this value to variable d, called the decision variable: 


dli] = 2 x f(x[i] + Lyf] + Ve) 
=b x (2 x afi] +2) -a x (Q2 x y{i] + D. 


Multiplying f() by 2 ensures that d is an integer for all values of 
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a, the factor of 2 has no other effect, since the sign of d will 
always be the same as that of f() evaluated at the midpoint. 


Speeding Up the Algorithm 

You can make the algorithm in listing 1 faster by reducing the 
calculations required to evaluate d during each iteration of the 
loop. In general, d increases by 2 X b — 2 X a for a diagonal 
step, and by 2 X b for a horizontal step. A little algebra shows 
that this is always true. [n stepping diagonally from a point 


(x{? lyi p 


Gi] + 1yfi] + 1), 


iG 


the value of d changes from 
dij=2xXb xX sx[i]+2xb-2 Xa yi] —a 

to 

di-c-ll22xbxx[ij*-4xb-2xaxyi|-3»*a 


(a change of 2 x b — 2 x a). When a horizontal step is taken 
from a point 


(xf). LE ) 
(lil + 1, yp. 
the value of d changes from 


dij=2x* bx xfi] +2 xb -—2 x yi] -—a 


receiving i 


(a) 


lo 


Price, Qty, Parti 


tc 
Transmi tted "mn 


Invoice 
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di-il22xbxsxij-4xb—-2xaxyi]-a 


(a change of 2 x 5). By calculating these two values prior to 
entering the drawing loop, you can improve line-drawing per- 
formance. This way, you reduce updating d during each itera- 
tion to simply incrementing d by the appropriate loop coastant. 

Listing 2 is an improved version of the algorithm in listing |. 
It eliminates the two multiplies per loop, and updates decision 
variable à incrementally. It calculates the initial value of d in 
terms of the initial values of x and y as follows: 


dO) = b x (2 x x[0] + 2) ~a X (2 X yf0] -1)22x5-—a 


where x[0] = y[0] = 0. Two new variables, nondiag inc 
(which equals 2 x 5b) and diag_ine (which equals 2 x b — 2 
X d)are created to increment d during each iteration. 


À Fast Unrestricted Algorithm 
The algorithm in listing 2 is still subject to the restrictions that 
the starting point must lie at (0,0) (the origin), and the endpoint 
coordinates must satisfy 0 < b < a (which restricts the ending 
point to the first octant of Cartesian coordinate space). In listing 
3, both restrictions have been removed by using symmetry and 
translation. This is the final form of Bresenham's algorithm. 
Figure 4 illustrates how you can use symmetry to draw lines 
in any of the eight octants. Although each of the eight lines is in 
a different octant, the lines all have the same shape because they 
follow identical sequences of diagonal and nondiagonal steps in 
moving from the starting point to the ending point. The symmetry 
of the eight lines in figure 4 results from the fact that the algo- 
continued 
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Listing 2: A faster line algorithm, but still restricted to 
the first octant. 


procedure draw line (a, b: integer): 
{ a is the endpoint x coordinate. ) 
{ b is the endpoint y coordinate. } 


var x, { current x coordinate } 
Y. { current y coordinate } 
d, { decision variable } 
diag inc, { d's increment 


for diagonal steps } 
nondiag inc: ( d's iner. for 
non-diagonal steps } 
integer; 
begin { draw_line } 
X r= 8; y :z8; { start at (80,80) } 
d : b + b ~- a; { initial value for d ) 
nondiag inc := b + b; 
( Evaluate the d increment values. } 
diag inc :- b+ b = a = a; 
for i :- @ to a do { Draw the 
atl pixels in the line. } 
begin 
draw pixelix,y): 
if d « @ then ( Is midpoint 
above the iine? } 
begin { Yes, step horizontally. } 
K i= x + 1; 
d i= d + nondiag inc {[ Update the 
decision variable. |] 
end { if-then } 
else 
| Midpoint is below the line, } 
( so step diagonaily. } 
= y + 1} 
= d + diag ine { Update the 
decision variable. } 
end { else } 
end { for } | 
end; { draw_line } 


a ees 


Listing 3: Final form of Bresenham's Line Algorithm. 


ystart, xend, 
yend: integer); 


procedure draw line (xstart, 


var x, y, {current x and y coordinates) 
d, (decision variable} 
a, be {line displacements in x and y} 
dx diag, {diagonal x step for next pixel) 
dy diag, (diagonal y step For next pixel) 
dx nondiag, ínondlagonal x step for next 
pixel) 
[nondiagonal y step for next 
pixel] 
(d's incr. for diagonal steps) 
{d's incr. for nondiagonal 
steps} 
{temporary variable for swaps) 


dy_nondiag, 


diag inc, 
nondiag_inc, 


Swap: 
integer; 


begin{draw line} 
x i= xstart; 
y x» ystart; 
[Determine drawing direction and step to the 
next pixel.) 
(Calculate difference 
in x) 
(Calculate difference 
in y] 


(line starting point] 


a :m xend — xstart; 


b t= yend - ystart; 
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{Determine whether ending point lies to right 
or left of start point.) 
if a « B then {Drawing towards smaller 
x-values?) 
begin (Yes, because a is negative. } 
a te -a; (Make a positive } 
dx diag :- -1 (and set x-movement 
accordingLy. } 
end 
else {Draw is towards larger x- 
values.) 
(Set x-movement towards 
larger x.) 
(Determine whether ending point lies above or 
below starting point.) 
if b « B then (Drawing towards smaller y- 
values?] 
(Yes, because b {a negative.) 
(Make b positive and) 
{set y-movement 
accordingly.] 


dx diag := 1; 


begin 
b j= <b; 
dy diag := -1 


end 
else {Draw is towards larger y- 
values.) 
(Set y-movement towards 
larger vy.) 
{Identify octant containing ending point. ) 
if a < b then {Is y-diFf. larger than 
x-diff.? 
$0 Swap a and b } 


dy diag := l; 


begin {Yes, 
Swap i= a; 
a ix b; 
b :- Swap; 
dx nondiag :- 8; (Since y difference ts 
larger, x) 
[doesn't change on 
nondiagona } } 
{steps, but y changes 
every step.) 
(When x-diff. is larger than ) 
{y-diff., x changes every 
step, ) 
(and y changes 
only on the} 


(diagonal steps.) 


dy mondiag :- dy diag 
endíif-then] 


else 
begin 


dx nondiag := dx diag; 


dy nondiag :- 8 

endí(else) 

d:i=btb- az (Initial value for d 1s 
2*b-a.] 

{Set initial d 

increment values} 


nondiag inc :- b + b; 


diag inc := b * h- à - a} 
for i := 8 to ado (Draw the a41 pixels.) 
begin 
draw pixel {x,y}; 
if d < 8 then {Is midpoint above rhe 
line?) 
begin (Yes, step nondiagonally.} 
x i= X + dx nondiag: 
y :» y + dy nondiag: 
d : d + nondíag inc [Update the 
decision variable, } 
gndiif-thnen) 
{Midpoint is below the Line, } 
{so step diagonally.} 
:- x + dx diag; 
r= y + dy diag; 
<= d + diag inc {Update the decision 
variable.) 
endí(else! 
end{for} 
end; (draw line} 
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Octant 3: 
dx__nondiag = 0 
dy__nondiag= +1 
dx diag um —1 
dy. diag» +1 


(74,10) 
LI 


Octant 4: 

dx nondiag: -1 
dy nondiag=0 
dx. diag- +1 
dy. .diag s ~1 


e 
( - 10,4) 


(- 10, - 4) 


Octant 5: 
dx__nondiag = —1 
dy .nondiag =6 
dx. .diag z -1 
dy. diags -1 


(-4.- 10) " 


Octant 6: 

dx. nondiag = 0 
dy. nondiag = -1 
dx. diag» -1 

dy  diags -1 


Figure 4: Eight-way symmetry used for the general algorithm. 


rithm uses the same values of a and b (for this example, a = 10, 
b — 4) for each of the lines. The only difference between draw- 
ing in one octant and another is the direction of diagonal and 
nondiagonal steps. The algorithm in listing 3 tests the endpoints 
to determine in which octant the line lies. After the target octant 
is determined, the x and y increments for diagonal and nondiag- 
onal steps are adjusted to draw the line in the proper direction. 

In listing 3, nondiagonal steps cause x and y to increment by 
dx nondiag and dy_nondiag; diagonal steps cause x and y to 
increment by dx diag and dy. diag. Figure 4 shows the values 
of these increments in each of the eight octants. 

The final step in achieving the general form of the algorithm 
in listing 3 is to allow the line to begin at points other than the 
origin. Whereas variables a and b represented the coordinates of 
the endpoint in listings i and 2, in listing 3 they represent the 
distances in x and y from the starting point to the ending point; a 
ts set to the larger of these distances, and 5 to the smaller. 

Described in geometric terms, when the algorithm initially 
assigns values to parameters a and b, it effectively translates the 
starting point of the line to the origin. 

At this point in the algorithm, the ending point of the trans- 
lated line is at (a.b), and variables a and b contain information 


Octant 2: 

dx Jnondiag- 0 
dy__nondiag= +1 
dx diagz +1 

dy diagz +1 


(4,10) 


Octant 1: 

dx nondiag- +t 
dy  nondiag 20 
dx diag- +t 
dy. diags +1 


(10,4) 


(10, - 4) 


Octant 8: 
dx__nondiag= +1 
dy. nondiag = 0 
dx diagz +1 
dy_diag= -1 


9 
> (4, - 10) 


Octant 7: 

dx. nondiag x O 
dy. nondiag = —1 
dxdiag = 41 

dy diags -1 


regarding both the shape of the line and the octant of the trans- 
[ated ending point. In the three subsequent tests of the values of 
aand b (Isa « 0? Is b < (0? Isa < b» the octant information ts 
stripped away from a and 5, leaving only the shape information. 
Meanwhile, ai] information regarding the octant of the ending 
point is transferred to the x and y increments dx diag, dy diag, 
dx nondisg and dy. nondiag. All this takes place prior to en- 
tering the for loop in listing 3. 


Practical Implementations 

In a real graphics system, you should encode the algorithm in 
listing 3 in assembly language to make it run as fast as possible. 
For instance, a typical CAD diagram might contain hundreds of 
lines, and the user waits while the computer draws the diagram 
on the screen. The programmer should put the most effort tnto 
specding up the for loop, since this is executed once for cach 
pixel drawn, and one line may contain hundreds of pixels. 

By comparison, the code that precedes the for loop executes 
only once per line. The call to the draw pixel procedure 
should be replaced by in-line code for the draw_ pixel opera- 
tion in order to remove the subroutine call overhead from the 
inner loop. 8 
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ened screen image. 


Screen stars with T he Visible Edge. 


Actual unretouched screen images 


What gives Princeton’s new generation of screen stars the Visible Edge is a screen 
image of incomparable clarity and resolution. Where brilliant colors and infinite 
shades of gray, with striking contrast and dimension, are commonplace. 


The versatility of the Princeton family of monitors gives the new generation (and 
present generation) of computers, the greatest autosynchronous horizontal/verti- 
cal scan range combination available (ULTRASYNC and MAX-15). The clarity of 28mm 
dot pitch (ULTRASYNC and PSC-28). 1024x750 display resolution (MAX-15). And the 
entire spectrum of color, with the ease and comfort that can only accompany an 
ergonomically designed monitor. 


Experience a world of unlimited vision. And the technology that’s made our high 
level of quality, service, value and performance, second nature. Experience the Visible 
Edge. And see what we do best. For more information call (609) 683-1660 x 100. 


PSC-28 P5M-03 ULTRASYNC 


IBM P5/2 COMPATIBLE [BM PC/XTIAT & PS2 Macintosh |] COMPATIBLE E ^ 


PRINCEION 


GRAPHIC SYSTEMS 
THE VISIBLE EDGE 


&)! Ewing Sireet, Buniding A, Princeton. New Jorsey 08540 (609) 683-1880 
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Multicolumn Paged Text 


Use this program to lay out text 
in columns and to explore desktop- 
publishing software technology 


Until recently, multiple-column text was some- 
thing you found on newspaper and magazine 
pages, but not on the output from computers. The 
two main output devices used by computers—the 
CRT monitor and the line printer—were physi- 
cally designed to produce single columns of text. 

Then, graphic displays and desktop publishing arrived, and 
the market is now flooded with programs that organize text into 
pages, using multiple columns, typefaces, and type sizes. In- 
creasingly, personal computer word-processing software is be- 
ginning to offer multiple columns for printed output (e.g., 
Microsoft Word), on the screen, or for both (e.g.. Word- 
Perfect). 

The reason for wanting multiple columns is largely one of 
readability. The small point sizes used to cram more words into 
newspapers and magazines make for far too many words across 
a whole page width for comfortable reading. This would be par- 
ticularly true in the case of broadside-size newspapers, where a 
line would hold more than 50 words; the human eye has a ten- 
dency to lose its horizontal tracking accuracy if asked to scan 
across toO many words on a single line. 

Breaking the text up into multiple columns ensures that each 
line contains a more readable number of words—typically, 6 to 
12. Using multiple narrow columns also allows the layout de- 
signer greater flexibility in fitting several articles on the same 
page, particularly important in newspaper work. Books tend to 
employ larger point sizes and wide margins, yielding around 12 
words across the page, and are rarely set in columns, 

In the good old days of 9-pin dot-matrix printers with cobby 
typefaces, multiple-column output from a personal computer 
was neither necessary nor particularly desirable. A low-cost 
printer gets only about 13 words on an 80-column line anyway, 
and those are composed of fixed-width characters, possibly jus- 
tified by crude insertion of full character spaces. Now that laser 
printers are common—and even dot-matrix printers can manage 
proportional spacing and near-letter-quality (NLQ) typefaces— 
columns start to make sense. 

Apart from page layout and readability, another valuable use 
for multiple columns is the economical generation of lists. If you 
have to print 2000 short items, it is both wasteful and unsightly 


Dick Pountain is a iechnical author and software consultant 
living in London, England. He can be contacted c/o BYTE, One 
Phoenix Mill Lane, Peterborough, NH 03458, or on BIX as 
"dickp. "' 


to print them in a single spindly column on 32 sheets when they 
will fit in four columns on 8 sheets. It was precisely this applica- 
tion that prompted me to write a utility for arranging text into 
multiple columns. I use a text editor that lacks this facility, but I 
have no intention of learning a new editor just to get it. 

Before writing such a utility, it's important to decide exactly 
what you hope to achieve. Multiple-column-text programming 
covers a broad spectrum of difficulties. At the most difficult end 
of the spectrum is the provision of multiple columns on the 
screen, interactively, with automatic reformatting, word wrap, 
and line wrap. This means that new text can be inserted at any 
point on any line, excess words will wrap over onto the next line, 
and excess lines will wrap up to the top of the next column. 

This is the sort of facility the next generation of word proces- 
sors will offer as a matter of course. To achieve it requires stor- 
ing the text in a dynamic data structure, something like an array 
of circular lists of circular lists. This can make screen updating a 
strenuous chore, especially if you're using a bit-mapped graphic 
display. It is not sornething you can retrofit to a text editor like 

continued 


Figure 1: The process of writing a two-dimensional array of 
characters up and down, then reading the same array across, 
ytelds the desired transformation to three-column text. 


XXX ——— XXX X —— XXXX 
XXXX —————m XXXX i XXXX 
XXXX —— XXXX —— —— XXXX 
XXXX ————e XXXX i XXXX 
XXXX ————m XXXX ——m- XXXX 
XXXX —— XAXA — 7r XXXX 
XXXX ———e XXXX —>- XXXX 
XXXX i XXXX i XXXX 
KXXX —— XXXX —— KXXX 
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(WITH REVIEWS LIKE THESE, 
WHO NEEDS CLEVER HEADLINES?) 


Find out why magazines like DEC Professional 
and PC Week and over 60,000 PC users appreciate 
the convenient yet powerful features of VTERM/ 
220, VTERM III and VTERM/4010. 

Send in this coupon to see for yourself the most 
functionally complete emulation 


or Tektronix 4010 terminas. W I ERIM 


l would like to find out why magazines like DEC Professional, 
PC Week and others rate VTERM/220 so highly. 


r4 Picase send me the DEC Professional and PC Week reviews, 


E Please send me information on your free 30-day cvaluation 
of VTERM/220. VTERM IH and VTERM/401Q0. 
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mine, unless you have the source code and a lot of spare time on 
your hands. 

At the opposite end of the difficulty spectrum we have a sim- 
ple DOS utility that takes a plain ASCII text file and outputs 
another file with the text paged in a specified number of col- 
umns with a specified number of lines per page. This was my 
own coward's preference. 

The root principle in implementing multiple-column output 
is delay. Both video display units and printers are physically ca- 
pable of printing only single lines of text, ended by a carriage 
return. But if we are printing in, say, three columns, each p/tysi- 
cal output line will actually consist of three short logical lines 
from different places in the text. 

The first two logical lines, therefore, need to be held back 
until the third one is reached before printing them all. If we re- 
gard output as a continuous data flow, we need a data structure 
that acts as a delay line, holding back logical text segments until 
the structure collects a full physical line. 

However, in the case of my simple program, there is no need 
to regard output as a continuous data flow. Instead, you can 
think of output as a batch process, in which whole pages are 
collated and then output as units. [n this case, we can build à 
data structure to act as a mold or template for the desired page: 
words "pour" into the mold until it is full, and then the "cast- 
ing" is sent to the output file, complete with a page number. 

Since this is a batch process whose dimensions are fixed from 
the start, a two-dimensional array of strings will be a perfectly 
good data siructure to represent the page. This would not be a 
good choice if we were trying to implement interactive word 
wrap and line wrap, as we would have to move along many array 

coniinueg 


Listing 1: Pseudocode for the word-wrap algorithm. 


Program Pager 
PageNumber <- ] 
WHILE not at end of input text 


FOR Column FROM 1 TO ColumnsPerPage 
-- Fill the page template 
FOR Line FROM 1 TO PageLength 
IF not at end of input text 
THEN read a line from input -> 
PageíColumn, Line] 
ELSE fill with blanks -> Page[Column, 
Line] 
ENDIF 
ENDFOR 
ENDFOR 


PhysicalLine <- empty string -= 
Write physical lines to output 
tile 
FOR Line FROM 1 TO PageLength 
| FOR Column FROM 1 TO ColumnsPerPage 
| APPEND Page(Column, Line] TO 
PhysicalLine 
ENDFOR 
APPEND (enough blanks to pad out ta 
column width) TO PhysicalLine 
WRITE PhysicalLine -> output file 
WRITE Carriage Return -> output file 
| ENDFOR | 
| WRITE PageNumber -> output file 
| PageNumber <- PageNumber + 1 | 
| ENDWHILE | 


Now from NRI comes the first course of its kind. . . anywhere! 


Learn to use, program, and service today’s 
digital electronic music equipment as you 


oo 


Now NRI puts 
you at the heart of 
the most exciting application 
of digital technology to date! With 
NRI's new at-home training in Electronic 
Music Technology, you get hands-on 
experience with the equipment that's 
revolutionizing the music industry—Atari 
ST Series computer with built-in MIDI 
ports, Casio CZ101 digital synthesizer with 
advanced MIDI capabilities, and ingenious 
MIDI software that links computer key- 
board to synthesizer keyboard—al! yours 
to train with and keep. 


This year, over $1.5 billion worth of digital elec- 
monic music instruments— keyboards. guitars. 
drum machines. and related equipment—wil he 
sold in the U.S. alone. Who's buying this new-tech 
equipment? Nut just progressive musicians and pro- 
fessional recording technicians, but also thousands 
af people who have never touched à musical instru- 
ment before, And there's good eison why. 


Something called MIDI (Musical Instrument 
Digital Interface) has suddenly transformed musical 
struments into the ultimate computer peripherals 
. . and opened up a whole new world of opportunity 
for the person who knows how to use, program, and 
service this extraordinary new digital equipment. 


Now NRIs breakthrough Electronic Music 
Technology course puts you at the forefront of this 
booming new technology with exclusive hands-on 
training built avind a MIDI-equipped computer, 
MIDI synthesizer, and MIDI software vou keep. 


Dynamic New Technology Opens Up New 
Career Opportunities for You 


The opportunities are unlimited for the person 
who's trained to take advantage of today’s elec- 
trunic music phenomenon. Now you can prepare 
for a high-paying career as a studio technician. 


vam = = 


suund engineer, recording engineer, or road 
techinician. , even start your own new-age 
business provsding une-stop sales and service for 
musicians, technicians, ard general consumers 
alike. Or simply unleash your own musical 
creativity with the breakthrough training and 
equipment only NRI gives you, 


Only NRI Gives You an Atari ST Computer, 
Casio Synthesizer, and Innovative MIDI 
Software You Train With and Keep 


The Atan ST Series computer included in your 
course becomes the heart of your own computer- 
controled music center. With ils tremenduus 
power, superior graphics capabilities, and built-in 
MIDI interface, the 16/32-bil Atari ST has almost 
pvemiyht become the computer of choice for 
luday's most knowledgeable electronic musicians. 


The Casio CZ 101 digital synthesizer, also included 
In your training, is the perfect complement to your 
Alan ST. The polyphonic, multitimbral C210] — 
which stores up to 32 voices intemally— commu- 
hicates" with your ST computer through MIDI, 
bringing life Lo virtually any sound you can imagine. 

Pus, you get ingeniously designed MIDI software 
that opens up amazing new creative 
and technical possibilities. . . you 
actually build your own 4-input 
audio mixerfamptifier. , , and you | 


test the electronic circuits at the 
cure of today's new-tech equipment | 
with the hand-held digital multi- 
meter included in your course. | 


No previous experience | 
necessary—in electronics i 
or music! 


Kame 


No matter what your background, ity 
NRI gives you lhe skills you need 


[ aw School of Electronics 

McGraw-Hill Continuing Education Center | 

3939 Wisconsin Avenue 

Washington, DC 200]6 | 

(W CHECK ONE FREE CATALOG ONLY 

[T Electronic Music Technology C) Computers and Microprocessors | 
TY IVIdeilAudio wring 


. build your own computer-controlled 


music center 


tu Lake advantage uf today's opportunities 
in electronme music technology. 

With your experienced NE instructor always 
avalable to help, you master the basics of electronic 
theory step by step, gaining the full understanding 
of electronics that's now so essential for technicians 
and musicians alike. You move on to analyze sound 
generation techniques, digital logic, microprocessor 
fundamentals, and sampling and recording tech- 
niques... ultimately getting first-hand experience 
with today's explosive new technology as vou 
explore MIDI waveshaping, patching, sequencing, 
mixing, special effects, and much more. 

Plus, even if you've never been involved with 
music before, Nit] gives you enough basic braming 
in music theory and musical notation to appreciate 
the creative potential and far-reaching applications 
of today's electronic music equipment. 


Send Today for Your FREE Catalog 


For ali the details about NRIs innovative new brain 
Ing, send the coupon today. You'll receive a com- 
plete catalog descrihing NRI's Electronic Music 
"Technology course plus NRT courses in other high- 
lech. in-demand electronics fields. 

If the coupon is missing, write to NR] School of 
Electronics, McGraw-Hill Continuing Education 
Center, 3939 Wisconsin Avenue, Washington, 17 
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Implementing this algorithm is quite 
straightforward in an interpreted 
language like BASICA because such 
languages allow the dimensioning 
of arrays at run time. 


elements every lime a new word was inserted. 

A crude outline algorithm for the paging process is this: First, 
fill the template with words from the input by writing up and 
down the columns; second, write an output file by reading the 
template across all the columns at once. 

For three columns, we could represent the process in a dis- 
gram like the one found in figure 1. We achieve the required 
transformation by looking at the same data structure from two 
different viewpoints. 

We need to refine one aspect of the problem before we can 
proceed. I have talked lightly of words "pouriag" into an array, 
but we actually have more to consider here. If we have prepared 
the input text with a text editor, it wilt already be formatted into 
lines of some length, according to the margin settings of the text 
editor. 

When we page the text into multiple columns, they will be 
much narrower than the typical margins for a single-column 
document. Hence, the routine that fills the array needs to word- 
wrap the input text to this narrower column width. If we are 
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talking about a sophisticated paging utility, it should also be 
able to justify the wrapped text and intelligently hyphenate it. 
But this means that the Fiil routine aceds to incorporate much of 
the capability of a good text editor. 

It seemed silly to me to reinvent the wheel, when I already 
had a tool (my text editor) to hand that could handle these for- 
matting chores superbly. The paging program I wrote therefore 
takes text files that have already been formatted to the correct 
column width using the text editor. At the same time as you re- 
duce the margins, you can jusufy the text, if required, and ar- 
range features like column headings to fit properly into the 
paged format, using all the facilities of the text editor. 

The only inconvenience lies in having to write an extra inter- 
mediate file of this "galley" text, formatted to column width. 
Bul even on my slow computer, this takes only seconds. On the 
other hand, the construction of the paging utility itself is greatly 
simplified (it needs to know only how to wrap columns), and 
consequently the program goes very fast. 

The algorithm can now be presented more formally in pseu- 
docode (see listing [}. Implementing this algorithm is quite 
straightforward in an interpreted language like BASICA because 
such languages allow the dimensioning of arrays at run time. 
The program can decide on the dimensions of the Page array 
after it has asked the user for the number of columns and lines 
per page required. 

Compiled languages like Pascal, C, or compiled BASIC im- 
pose a slight complication in that arrays can be dimensioned 
only at the time the program is compiled: obviously, it is unac- 
ceptable to have a different version of the program for every 
conceivable page layout. Fortunately, some calculation shows 

continued 


While other RLL controllers require 
drives approved for RLL encoding, ihe 
PERSTOR 200 Series Controllers allow 
you to upgrade current hard disk systems 
Or create new sysiems wih standard 
MEM drives or RLL approved drives. 


Our competitors offer only a 50% 
increase in capacity with their controllers, 
while we have advanced the RLL 
standard to allow for a 90% or 100% 
Increase in capacity. 

If performance is the issue, the Perstor 
controllers are the answer, delivering 
up to a 110% increase in your data 
transfer perlormance. 


FEATURES: 
@—ADVANCED CAPACITY 90% or 100% increase in 
capacity. 
@—ADVANCED PERFORMANCE As much as a HOS; 
increase in performance in your PC, XT, AT, or compatible. 
@—ADVANCED COMPATIBILITY Compatible with either 
MFM or RLL approved drives* with oxide or plated media. 
*(Miniscribe, Seagate, Maxior, Newbury, CDC, and more.) 
@—ADYANCED VERSATILITY Compatible with most 
PC, XT. AT. or 386 bused systems in a single design. 
All of this means you can upgrade current systems or design 
new systems with higher capacity, performance, and quality. 
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SmarTEAM 9600 pus 

* Utilizes the latest MNP class 6 to give error free 
data transfer. 

* Cheaper telephone bills with the MNP data 
compression provides throughput of up to 
19200 bps with 9600 bps link. 

" Battery-backed CMOS RAM preserves con- 

figuration against power failures for up to 30 
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Adding Diagrams 


t's easy to adapt the multicolumn-paged-text algorithm to run 

text around diagrams. You can define a "window" area—a 
space to be left blank for the later addition of a diagram—by the 
column and line numbers of its top left and bottom right corners. 
If we call these window coordinates X/,¥/ and X2,Y2, for 
XI], Yi=4 and X2=2, Y2—7, we have the window area 
shown in figure A. 

To modify the program to produce window areas, we need to 
change the test on line 6 of procedure ReadInPage in listing 2 so 
that it checks whether the line currently uader consideration 
falls outside the window. If so, the program reads input into that 
line; otherwise, the program should pad the line with blanks (1n 
the same way that lines are padded on the last page, after the 
program reads end of file): 


ifnoteof(InputFile) 
and not ( (Column in [X1..X2]) and 
(Line in [Yl..Y2])) 


The only other change to the program text required is some 
way of reading in X1, Y1, X2, and Y2. For the purpose of experi- 
ment, you can add them as four exira command-line parameters 
to be read in by GetPageParms. 

This crude mechanism will of course make a window in the 
same place on every page, which is seldom what we want. How- 
ever, it is no more difficult conceptually, and takes only a little 
more programming effort, to have a different window on every 
page. You need to store the window coordinates for each page in 
an array Window[], which is indexed by PageNumber and the 
four coordinate types. For pages with no window, set all coordi- 
nates to Q. The extra declarations needed are 


type WindowCoord = (Left,Right,Top,Bottom); 
var Window: array [1..MaxPages, WindowCoord] of 
integer; 
K1,X2,71,72;: integer; 


The format for a document now consists of a sequence of 
records of the following form: 


«pagenumber ,« X12»,«Y]»,«X2»,« Y2» 


This information is kept in a separate ASCII file that gets read 
into the Window array when the program starts. 

The next logical refinement is to include the contents of an- 
other file to fill the window so created. These files can contain 


XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
1,4 


XXNXXXXXX 
XXXXXXXX 
AXXXXXXX 
XXXXXXXX 
XXXXXXXX 
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KXXXXXXX 
AXXXRXXXX 
EXXXXXXX 


gs 

XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


KXXXXXXXXX 
XXXXXXXXX 
XKXXXXXXXN 
XXXXXXXXX 
XXXXXXXXX 
AXXEXXEXXXX 
XXXXXXXXX 
XXXXXXXXX 
AXXXXXXXX 
XXXXXXXXX 
XXXXXXXXX 
XXXXXXXXX 


Figure À: Defining a window area for multicolumn text. 


diagrams, bar charts, and tabies drawn using block graphics 
characters. Bit-mapped graphics present enormous problems, 
but the truly dedicated (or crazy) could achieve even this on 
Epson-style printers using bit-image mode. 

The principle is quite simple. Rather than filling the window 
area with blank lines, the program fills the area with slices from 
the diagram file. A function called D1agramSlice reads lines 
from the included diagram file and adjusts them to the proper 
length. The procedure ReadInPage now looks like this: 


procedure ReadInPage; 
var Column,Line: Integer; 
begin 
Kl := Window([PageNumber, Left]; 
¥1:= Window[PageNumber, Top]; 
X2 := Mindow[PageNumber,Right]: 
Y2 := Window[PageNumber, Bottom]: 
for Column := 1 to ColsPerPage do 
for Line := 1 to LinesPerPage do 
1f not Eof(InputFile) 
and not ((Column in [X1..32]) 
and (Line in [Y1..Y2]]) 
then readin(InputFile,Page[Column.Line]) 
else Page[Column, Line] := DiagramSlice; 
end; 


Now the format of a document has an extra element: the name 
of a diagram file. The record structure is <pagenumber>, 
<Xl>,<Yl>,<X2>,<Y2>,<diagramfile name>. Al- 
ternatively, you might now prefer to put the X, Y coordinates into 
the diagram file itself. 

I’ve shown a simple version of DiagramSlice in listing A. 
I've left the gruesome details of reading in the format froma file 
and opening the appropriate diagram files to you. All of a sud- 
den, PageMaker and Ventura Publisher start to look quite cheap 
at Ihe price, don't they? 


Listing A: A simple version of the function to read 
lines from the diagram file and adjust them to the 
proper length. 


function DiagramSlice: Stringtype; 
var TempSlice: Stringtype; 
WindowWidtih: integer; 


begin 
if EofiIOoputFile) 
then DiagramSlice :- Blankline 
else 
begin 
WindowWidth :- CharsPerline*(X2-X1-41):; 
readin(DiagramFile,Temp5lice): 


(Crop if long...pad if short} 
Temp5lice := Copy(TempSlice,1l,WindowWidth) 
+ Space (WindawWidth- 
length (TempSlice)); 
if Column = X1 
then DiagramSlice := TempSlice 
else DiagramSlice :- ' ' 
end 
end 


FOCUS ON ALGORITHMS 


Listing 2: The column-wrap program in Turbo Pascal 
code. 


program Page; 
const MaxColsPerPage = 6; 
MaxPageLength = 60; 
MaxCharsPerLine = 48; 
PageWidth = 88; 
Blanks = * *'; 


Linetype = 
string [MaxCharsPerLine] ; 


Page: 
array(1..MaxColsPerPage,1..Max 
PageLength] of Linetype; 

BlankLine: Linetype; 

ColsPerPage, PageLength, 
PageNumber, CharsPerLine: 
integer; 


InputPile, QutputFile: text; 
InputFileName, OutputFileName: 
string[127]; 


Procedure InitFiles; 
begin 
if paramCount = @ 
then begin write(’Must specify 
file’)? 
halt 
end; 
InputFileName == JparamStríl1); 
if (pos('.PAG',paramstr(1)) <> 8) or 
(post'.pag',paramStril)) <> B) 
then begin 
writeln('Mustn''t PAGE a PAGEd 
file!t'!); 
halt 
end; 
if poaíl'.*',paramStríl)) = 8 
then OutputFileName := paramStril) +’ .paq' 
else OutputFileName := 
copy (paramStr (1), 1,posí'.', par 
amStrí1)))4'pag'; 
Assign(OutputFile, OutputFileName) ; 
AssigniInputFile, InputFileName); 
Reset (InputFile); 
if ioresult «» B 
then begin 
writeln(’ File ',InputFileName,"' 
not found’); 
halt 
end: 
RewriteiOutputF1le); 
if iloresult <> @ 
then begin 
writelnmí('Error opening output 
flle: is disk full?*'!|; 
halt 
end 
end : 


procedure GetPageParms; 

var error: integer: 

begin 
valiparamStr(2),ColsPerPage,error); 
if (error <> D) or (ColsPerPaqe > 

MaxColsPerPage} 
then begin 
write {’ Bad column paramecer’}; 


halt 

end; 
valíparamstr(3i),PageLength,error):; 
if terror <> 0) or (PageLength > 
MaxPageLength} 
then begin 
write('Bad line parameter"); 
halt 

end; 

end; 


procedure ReadInPages; 
var Column, Line: Inkeger; 
begin 
for Column 1 to ColsPerPage do 
for Line :- 1] ta PageLength do 
if noc eofiinputFile) 
then 
readlniInputFile,Page|[Column, 
Lina]) 
else Page[Column,Line] :- BlankLine 
end; 


function Spaces (Num:inteqer} :Linet ype; 
begin 

Spaces := Copy (Blanks, 1,Num} 
end; 


procedure WriteOutPage: 
var Column, Line: integer; 
begin 

for Line 

begin 

for Column i= 1 to ColsPerPage do 
weite (OulLpulFlle, 
Page (Column, Line+t 
Spaces {(CharsPerLine- 
Length {Page (Column, 

Line]1)):; 

writelni(OutputFilg) 

end; 

writeiniOutputfile, 
Spaces{38)+’ «', PageNumber,'»') 


r= 3 to PageLength do 


WwriLteln(Outputfllae) 
end; 


begin 
Inicfiles; 
GetPageParms; 
PageNumber :- 1; 
CharsPerLine :- PageWidrh div 
ColsPerPage; 
BlankLine := Spaces(CharsPaerLinmsi: 
while not eofíInputFile) do 
begin 
ReadInPage; 
wrlilteí('.*']: 
WriteOutPage; 
PageNumber := 
and; 
Close (InputFile); 
Close (OutputFile) 
end. 


PageNumber + 1; 
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Listing 3: 4 version of the GetLine procedure; not 
very smart, this version wraps only whole words. 


const CH = 113; 
LF = #186; 
var LineBuffer: Linetype: 
procedure GetLine (VAR Infile: text; 
LineLength: integer; 


VAR NextLine: Linetype): 


var NextWord: Linetype; 
Full: boolean: 


procedure GetNextWord: 
var Chr: char; 
begin 
Next Word 
while (Chr <> * ') and not 
ecf(Inputfile) do 


F F 
jm rr} 


begin 
read(InFile, Che); 
1f Che <> hE 
then begin 
if Chr = CR then Chr 
NextWord :z NextWord + Chr 
end 


"2 # Pos 


end 
end; 


that the size of the problem is such that a fudge is possible, 

My printer (as is the case with most printers) uses A4 paper, 
which holds 60 lines of text with 80 characters per line. The 
largest number of columns I would ever want on such paper is 
six. The smallest number of columns I would ever want is two 
(otherwise, why use the program at all?), and two columns on 
my paper means at most a 40-character column width. 

Six columns of 60 lines with 40 characters comes to around 
[5K bytes of storage. An array of this size will hold the most 
columns [ will ever need, at the most characters per line I could 
ever need, and it's well within the memory limits of even mod- 
est computers. So to hell with elegance. let's waste bytes. We 
declare an array of this size and use as many columns and lines 
of it as are needed. 

The program's source code in Turbo Pascal 3.0 is shown in 
listing 2. In this simple version, the name of the input file, the 
number of columns, and the number of lines per page must be 
given on the command line from which the program is invoked, 
For space reasons, I've kept the error checking quite rudimen- 
tary. A sample command line could be 


C:>page byte40.doc 3 60 


Before you can usc this line, though, you'll need to format 
byte40.doc to a right margin of 26 (80/3), and justify it if de- 
sired, using your regular text editor. The program automatically 
renames the output file, in this case to byte40. pag. 

In the version of the program I use in real life, l've added a 
system of template files, like a very poor man's Ventura Pub- 
lisher. A template file specifies a page style, including the num- 
ber of columns, page length, left- and right-page margins, 
header text, and rules. I keep a separate template file for each 
format I use regularly, and the template filename is given as the 
second parameter to Page in place of the numeric parameters 
used here. 
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begin 
Full :- false; 
while not Fuil and not eof(InFile) do 
begin 
GetNextWorzd; 
if NextWord <>» * * 
then if Length (Next Word) +Length {Line 
Buffer) > LineLength 
then Full := true 
else begin 
LineBuffer := LineButfer 
+ NextWord;: 
Full :s false 
end 
end; 
NextLine := LineBuffer; 
aub result) 
=> NextWord; { Save 
leftover word for next time} 


i Flush 


LineBuffer 


end; 


To make Page into u stand-alone progrum (i1.&., one that can 
accepi an input file in any format and perform its own word 
wrapping), it’s necessary only to write one new procedure— 
let's call it GetLine—and substitute a call to it for the statement 


Readln(InputFile,Page[Column,Line]) 


at line 7 of ReadInPage. 

The snag, as I've already suggested, is that Get Line will need 
to be quite a large procedure if you want it to be as smart as your 
average text editor; for example, doing intelligent hyphenation is 
in itself a suitable subject for several articles. To get you started, 
listing 3 contains a very slow, dumb version of GetLine, which 
can wrap only whole words, You could improve the speed by 
buffering more text in memory rather than reading single char- 
acters, as I nave done here. The call in ReadInPage now takes 
the form 


GetLine(InputFile,CnarsPerLine,Page[Column,Line]] 


When you get as far as writing a GetLine procedure that 
word-wraps, hyphenates, and can perform justification with 
proportionally spaced fonts, you are weil on your way to having 
a real desktop-publishing program. The next logical step is to 
deal with running columns around holes for pictures. 

Batch methods of page layout like the one [ have described 
here are far from ideal in applications where text runs around 
complex picture layouts. [n such cases, it's more appropriate to 
use an interactive or WYSIWYG (what you see is what you get) 
design program that shows you the layout on the screen so that 
you can position the pictures. However, the program can be 
adapted, as described in the text box "Adding Diagrams" on 
page 260, to serve in the simple case of one diagram per page, 
where the diagrams are character-based (e.g.. using IBM block 
graphics characters). 8 
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the new Flat Technology Monitor from 
Zenith Data Systems—winner of PC 
Magazine's coveted “Technical Excellence Award” in the 
hardware category for 1987. 


You Have To See Zenith To Believe It 

So clear So precise. So lifelike. It’s the only monitor 
with a completely flat screen. A breakthrough that has 
redefined monitor quality forever Industry experts are 
already convinced. And once you see it in person, you'll 
be a believer, too. 
Bigger, Brighter, Glare-Free 

Our Flat Technology Monitor has an impressive 
14-inch display. And even though it's bigger, it's 50% 
brighter than conventional CRT's and it has 70% 
greater contrast. So you get colors with greater depth 
and definition that make your reports, charts and graphs 
come alive like never before. 

The Flat Technology Monitor is virtually glare-free. 
So you can work longer without the usual headaches 
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and eyestrain. And that means greater productivity. But 
to get the whole picture, you have to see it with your 
own eyes. 


Backward And Forward Compatibility 

You also get full compatibility with the high 
resolution VGA Video generated by IBM's new PS/2* 
computers. And with Zenith's 2-449 or other VGA-class 
video cards, you can enjoy CGA, MDA, Hercules and 
EGA graphics as well. 


Experience Zenith's Latest Technology Breakthrough 
Obviously, a mere picture can't do justice to our 

new Flat Technology Monitor. It demands a face-to-face 

evaluation. For a hands-on demonstration, call today 

lor the name of your nearest authorized Zenith Data 

Systems dealer-the Fat Technology Monitor is available 

in quantities right now. 


1-800-553-0305 
data 
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Electronics... The Magazine 
That Gives You Technology 
With Perspective. 


There's simply no other magazine like Electronics! 

It brings to your desk the comprehensive coverage 
and perspective you need, no matter what your joc 
or responsibilities are. Electronics provides you with 
technical information on computers, data proces- 
sors, peripheral equipment, office and business 
machines, communications equipment and semi- 
conductors. Information that keeps you abreast of 
industry breakthroughs, trends and business direc- 
tions. It gives you the savvy needed to compete. 


Each issue focuses in on the meaningful techno- 
logical developments and concerns driving the 
electronics industry 


Why Is Electronics Free to Professionals Like You? 
By controlling circulation, we make our readership fit 
our editorial. Editorial for important people, like you, 
who need the important information only Electronics 
provides. 


And it's yours, FREE...if you Qualify. Simply fill out and 
return the adjacent card. if you qualify we'll start your 
subscription with the very next issue of Electronics. 


Electronics 
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Merrill Cornish 


It’s All in the Symbols 


Numbers aren't everything; in fact, 
the "things" that they can represent 


might be in the minority. 
Numbers are what we already know, so we tend 


to think of symbols as numbers, or as repre- 


senting numbers; but symbols aren't numbers. And symbolic 
processing is not just another way of saying numeric 
processing. 

Symbols are not truly symbols when they are used as variable 
names. Conventional programming languages use the term sym- 
bol to mean the name of a program variable. Lisp has variables 
named by symbols, but they aren't the same as the symbols we 
are discussing. 

What makes symbolic processing symbolic is that the values a 
variable is allowed to assume now include other symbols as weil 
as the traditional numbers. For example, 


eve always had symbols as names, now we're 
investigating symbols as numbers. We tend to 
relate what we hear to what we already know. 


(setfa 1) : assignment of u number value 
(setfb'a) ; assignment of a symbol value 
a=>1 : value of a is the number | 
bs»a ; value of b is the symbol a 


One. common misconception is that symbolic processing is 
artificial intelligence. While AI would probably be impossible 
without it, symbolic processing is also useful for things unre- 
lated to AI. Another misconception i5 that you use symbolic 
processing so you don't have to explicidy declare the types of 
your numbers. If you need type checking for your numbers, you 
might want to use Lisp, bur you don't necessarily need symbolic 
processing. 

A third misconception is that symbolic processing means you 
do garbage collection. Not true; garbage collection can benefit 
any language —numeric or symbolic—thal allows you to allocate 
run-time data. [ts usefulness is not restricted to symbolic 
processing. 

Now you know what symbolic processing is not, but what is 
il? In reality, symbolic processing means processing nonnu- 
meric “things” that we can't reasonably represent as numbers. 
Thus, we represent these things as symbols. Symbolic process- 
ing is the natural complement of numeric processing. First, 
however, we must accept that there is something other than 
numbers. 

With COBOL, FORTRAN, Pascal, C, and so on. we've been 
quietly indoctrinated to believe that data is numbers. While 
there's nothing wrong with that premise in context—that ts, 


within the limits of procedural languages—the power of comput- 
ing extends a lot further, This article describes how symbols 
differ from numbers, why we can't use numbers where we need 
symbols, and how the things we need symbols for are unique 
and valuable. 


What Is Numeric Processing? 

Venerable FORTRAN II supported only numeric data types. 
FORTRAN IY added logical data types. COBOL added more 
numeric types, such us packed decimal and an almost nonnu- 
meric data type, characters. Characters were invented to record 
nonnumeric things, but we all knew that they were really small 
integers that always fit into 8 bits. 

Since FORTRAN, most language designers have accepted 
the implied dictum: Data is numbers. And yet, the question 
"Are numbers enough?" always existed. As a partial response, 
Pascal's designers included sets. and C's developers recently 
added enumeration types. 

But these two concessions to nonnumeric processing still 
have conveniently numeric internal representations. A set is 
really a one-dimensional array of 1-bit integers, while an enu- 
meration resembles the assembly language practice of equating 
names to successive integers. 

Numeric processing is a definite success story. The problem 
lies in our assumption that since it has been used for everything 
we've thought of so far, it should be used for everything we can 
think of. 


It's AH in the Data Types 

If, as an experienced programmer, you are given a choice of any 
implementation language you wish to use for an application, 
your choice would probably be fairly predictable. For vector 
number-crunching applications, you would probably use FOR- 
TRAN; for business data processing, COBOL; for text pattern 
matching, SNOBOL; for systems programming, C; and so on. 
These choices have nothing to do with which language is best; 
they are purely pragmatic. Each particular language offers the 
data types and data structures needed to clearly and concisely 
describe a specific type of problem, plus the library functions to 
manipulate those structures. 

For example, let's suppose you need to read a text file and 
produce a sorted list of words, the number of times each word 
occurs, their average length, and so on. How would you imple- 
ment this program in FORTRAN 66, which has neither a char- 
acter data type nor a string data structure? 

Nothing's impossible. You could use FORTRAN's Al for- 
mat to read characters into an array. You could mimic string 

continued 
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storage by maintaining pairs of start/end indexes into that array. 
one pair per string. You could make the dimensions of the vari- 
Qus fixed-size arrays larger than you'll ever need. You could 
write FORTRAN functions to access these pseudostrings, com- 
pare them for equality, order them, print them, and so on. You 
could make it work, but would you want to? You would have 
already written a significant amount of FORTRAN code before 
you even considered the original application. 

However, there is a better solution. Consider the relative case 
with which you could implement this application in C. C al- 
ready understands that characters are characters and not stunted 
integers. C already knows how to store characters in strings. 
The standard C libraries already contain the necessary charac- 
ter-manipulation functions, such as strlen, stremp, strepy, 
and so on, 

In short, C has the data types and data structures to support 
the application, and FORTRAN 66 doesn't. With C, you start 
programming the application immediately. With FORTRAN, 
you start by creating a virtual language within which you can 
then implement the application. When you do finally get to cod- 
ing the application itself, the in-line PORTRAN housekeeping 
needed to make arrays of integers look like strings of characters 
constantly intrudes on the logic of the application. FORTRAN 
doesn't provide the abstraction we need for this problem; C 
does. 


Symbol Data Types 

In high-school English, many of us had to diagram sentences by 
breaking them into clauses, phrases. subjects, verbs, and so on. 
What if you had to implement such an analysis in a program? 
Remember, we aren't talking ahoul understanding; we don't 
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Keyboard Protector 


Finally! A Keyboard Protector That: 

a PROTECTS CONTINUOUSLY - 24 HOURS A DAY - 
Agsgainsi computer downtime due to liquid spills, dust, ashes, 
staples, paper clips and other environmental hazards. 

* REMAINS IN PLACE during the operation of your keyboard. 
SaleShin ia precision molded to fit each key - Uke à "&econd akin." 

a EXCELLENT FEEL - The unique design eliminates any in- 
terference between adjacent keys, allowing smooih natural 
operation of your keyboard. 

* SafeSkin IS VIRTUALLY TRANSPARENT « Keytops and 
side markings are clearly visible. In lact, SaíeSkin is so clear, 
sometimes you may not know it's there! 

« DURABLE - LONG LASTING - SafeSkin is not 5 “throu- 
away” item. Many of our protectors have lasted over 3 years 
under continuous daily use, without failure. 

SaleSkin is available for most popular PC's and portables including: 
IBM, APPLE, AT&T, COMPAQ, DEC, EPSON, KEY- 
1MONICS, NEC, TANDY, TOSHIBA, WANG, WYSE, 
ZENITH. Specily computer make and model. Send $29.95, Check 
or M.O., VISA & MC include exp. date. Dealer inquiries invited. 
Free brochure available. 
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4561 $. Westmoreland ; Dallas, Texas 75237 / 214/939-0753 
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care what the sentences mean—we just want to classify the 
words in them. 

While C has excellent string-handling capabilities, this is not 
a siring problem; it's a symbol problem. C's string-handling fa- 
cility is mainly interested in the physica] aspects of string repre- 
sentation. Given the words fs, was, and were, C's strlen func- 
tion could tell you that they arc 2, 3, and 4 characters long, 
respectively. But we need to know that they are ali verbs, not 
nouns, adjectives, or adverbs; that is and was are siagular while 
were is plural; and that /s is present tense while was and were 
are past tense. Also, given the words are and ARE, C's atremp 
function would tell you that they are different, although they are 
the same word, 

C is doing what it is supposed to do. C is interested in the 
characters in a string, bul we are interested in the word repre- 
sented by the string and in its grammatical properties. C sees the 
word as a collection of individual characters and is unaware of 
any higher meaning to that collection. In other words, this time 
C doesn't provide the particular abstraction that we need. 


Why Strings Won't Do 

So fur, we've seen how a true symbol data type would simplify 
our implementation. But, even if a string-based implementation 
isn’t our first choice, shouldn't it still be an acceptable second 
choice? 

The real question is: How acceptable is Lhe extra code you 
have to write to get C to see the big picture and stop dealing with 
words as bags of characters? 

For example, C programmers sometimes use strings as sym- 
bolic mnemonics, such as the string argument r telling fopen to 
open a ftle for reading. It's not always appropriate, however. to 
try to distinguish symbols by their printed representation. Con- 
sider the sentence: "BILL PAID HIS REPAIR BILL." Is the 
first BILL equal to the second BILL? C's stremp function 
would think sa. 

Once your analysis determines that the subject is BILL. and 
the object is BILL, then a C program would claim the sentence 's 
subject and object are the same. But they aren't. The subject is a 
man, and the object is a piece of paper. The fact that this partic- 
ular subject and object happen to have the same printed repre- 
sentation is merely coincidence. 

The notion of symbolic data types introduces distinctions that 
never seemed important with numeric data types. For example, 
the Lisp predicate eq compares two symbols to see if they repre- 
sent the same object, the same piece of memory. Therefore, (eq 
subject object) would return false since BILL, the subject 
string, is physically a different data structure from BILL, the 
object string. They arc two different objects that just happen to 
be represented by the same characters. 

The Lisp predicate equal compares the contents of two ob- 
jects rather than the objects themselves. As a rule, if two objects 
print the same, equal will sav they are the same. So in Lisp, 


(eq subject object) => false 
(eq subfeet subject) => true 
(equal subject object) => true 


The point is that when you deal with symbolic data types, you 
need more than ihe plain bit-pattern comparisons that number 
crunchers use. 


The Power in Abstraction 

Programmers have a vested interest in abstraction. Alan Turing 
showed us that even a very rudimcntary machine can compute 
almost anything imaginable. But the process of programming a 
Turing Machine is tedious (see “The Turing Machine" by Isaac 
Malitz in the November 1987 BYTE). Abstraction is one of the 
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things that makes programming bearable. 

At the binary level, underneath the abstraction, the code 
breaks down to all ones and zeros. But the point of a program- 
ming language is to provide an abstraction that suppresses the 
things we don't care about while leaving the features we con- 
sider important out in the open and available. Furthermore, as 
we go from one application to another, our notion of what's im- 
portant can shift radicallv. 

FORTRAN provided us with at least three major abstractions 
that have appeared in virtually all languages since: DO loops, 
Floating-point numbers, and 1/O statements. While there are 
many ways of writing a loop. FORTRAN programmers are 
more interested in what's inside the DO loop than in the mechan- 
ies of indexing; so FORTRAN included a DO loop abstraction. 
Floating-point representations are a whole field of study, but 
FORTRAN programmers needed to use floating-point num- 
bers, not study them; so FORTRAN included a floating-point 
abstraction. 

And everyone needs to do I/O, but few want to write yet an- 
other ASCII-to-integer conversion. So FORTRAN included a 
FORMAT statement. (You might well argue that a FORTRAN 
FORMAT statement is nor the best of all possible worlds, but that's 
not the point. Even FORMAT's arcane syntax still lets you think 
more in terms of what you want printed than how to output each 
character.) 

Despite FORTRAN's successes, its array abstraction doesn't 
do too well on the word-counting application. The meaning of 
any number in a FORTRAN array is independent of any other 
number in that array. In contrast, a character in a C string has 
tittle meaning by itself. Instead, al] the characters in the string 
taken together have a meaning. This distinction of individual 
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meaning versus group meaning isn't just a pedantic nicety: It 
underlies why C does better than FORTRAN at itemizing words 
in a file. 

However, when we try to parse a sentence, C's abstracuon of 
strings as a collection of related characters doesn't help much. 
We don't want to spell the words; we don't even care what the 
words are; we just want to identify their respective parts of 
speech. C's abstraction isn't wrong; it just isn't ihe one we 
need. 


Verbosity and Fragility 

Working without the abstractions you need exacts a definite cost 
in verbosity and fragility. The verbosiry is due to the additional 
source code you must add to do the things that a language with a 
more appropriate abstraction would have done for you. You can 
hide much of this source code inside function calls, but too 
much of it usually ends up in the form of manual programming 
conventions. 

For example, a complex number is made up of a pair of ordi- 
nary numbers called its real and imaginary parts. Since FOR- 
TRAN was designed with abstractions for numerical analysis, it 
had complex numbers from the start. If you have declared 4, B, 
and C as complex numbers, then the simple statement A = B x C 
is sufficient to cause the real and imaginary parts of B and C to be 
multiplied, recombined, and stored into the real and imaginary 
parts of A. 

However, if FORTRAN didn’t have complex numbers, we 
would have to handle the process ourselves. First, to represent a 
complex number, we could use a one-dimensional array of two 
elernents for its real and imaginary parts. What would a simple 

conned 
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multiplication of two complex numbers, A = B X C, look like? 


B(1)XxC(1) - B(2) XC(2) 
B(1)XC(2) + B(2) XC(1) 


A(1) = 
A(2) = 
The best abstraction that we could devise in FORTRAN would 
probably be a complex multiply function, such as CMULT 
(A,B,C), which is an improvement, but the fact that you don't 
have a true complex-number data type still shows. 

Given the statement A =B X Cin FORTRAN IV, where vari- 
able names beginning with A have been declared to be implicit 
complex numbers, the language's automatic memory-allocation 
abstraction would have allocated A for you. Bui before you used 
the CMULT({A,B.C) function above, you would have had to de- 
clare A yourself as DIMENSION A(2). Custom functions (and 
macros) can make do-it-yourself abstraction-building less pain- 
ful, but the pretender still isn't as good as the real thing. 

The actual load/add/store sequences executed by the hard- 
ware in these examples are identical. The difference is the level 
of abstraction available to the programmer. The lack of an ap- 
propriate abstraction is a definite programming liability. 

In addition to being more verbose, your code also becomes 
more fragile, because the verbosity exposes more of the lan- 
guage's housekeeping as source code. The extra code provides 
more opportunity for errors, which can be introduced by any- 
thing from typographical errors to overlooking a special pro- 
gramming convention (i.e., when you did Ais, you forgot to do 
that), The code i$ also subject to errors due to its lack of intu- 
itiveness. You could mistake it for a fragment of matrix multi- 
plication; if you can't fathom its purpose, you can't be sure if it 
needs fixing, 


The Next Step 
This discussion of abstractions leads us to three real points: 


* Each problem has tts own preferred set of abstractions. If the 
programming language you are using doesn't provide the rele- 
vant abstractions, you will have to code them yourself. 

* Conventional languages almost universally provide abstrac- 
tions of numeric things and can perform numeric processing. 
Languages that provide abstractions of nonnumeric things can 
perform symbolic processing. 

* The historical progress of computing is closely tied to the 
available abstractions—ihat is, the available programming lan- 
guages. Symbolic processing is the next evolutionary step. 


Of all the things that exist in the world and in our minds, we 
need to be able to abstract them before we can represent them in 
the ones and zeros of a computer. At present, abstractions have 
not wandered too far from the concept that data is numbers. 
Now, we are beginning to suspect that the things in this universe 
that numbers can represent may be in the minority. 

Our progress beyond the bounds of numbers has come in stages. 
First, we found that symbolic operands couldn't always be repre- 
sented in a 32-bit memory word, so we set up pointers as a general 
data representation. Next, we found that there were relationships 
too complicated to be described in a multidimensional array, so we 
devised trees. Then, we found that memory usage was too sophis- 
cated for static allocation, so we created dynamic run-time allo- 
cation and de-allocation. Now, we are finding a need to process 
symbols that don't represent numbers. The idea of symbolic pro- 
cessing began when we first realized that data needn't be numbers; 
we have yer to see ali the possibilities of that idea. @ 
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breath before 

they cross the finish line? Are you restricted 
from placing your computers and peripherals 
where you need them due to the 50 foot limit 
imposed by the RS-232 standard? 

Now you can extend your serial data commu- 
nication lines up to 5000 feet without even 
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Out of breath at 50 feet? 
Now go the distance. 
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continued from page 36 

to stay laie or work over lunch to learn 
something for their own sake—and the 
corollary is that management somehow 
can only rarely spare anyone long enough 
to send them to school or do training on 
company time. 

There is a vicious cycle of ignorance 
and excuses for not learning and for not 
training at work in companies where 
management still perceives that the com- 
pany is too small to support an active 
training program, in-house or out. 

The company buys hardware and soft- 
ware because they are tools to use in pro- 
cessing data that is relevant to the com- 
pany's business. That data is the property 
of the company, even when peaple move 
on or are replaced or promoted. 

From personal experience, I know how 
hard it is to have the personnel depart- 
ment call the week after the director 
leaves, asking if anyone can help the new 
guy with this Visifile application that is 
running on a PC that had an oddball ac- 
celerator card, and what does "General 
Failure reading drive C" mean, anyway? 
And no, no one can find any backups or 
program disks or manuals, but we have to 
use it Io pet the time cards out, so since 
you're à programmer, why don't you fix 
it right now? 

The now ex-director was a fairly 
knowledgeable PC user who had avail- 
able the Lotus 1-2-3, dBASE, and Word- 
Star that we could support, and he had 
gotten an [BM PC XT despite a request 
for an AT because he couldn't justify the 
more expensive machine. So, since he 
wanted to save himself the trouble of 
learning programs new to him, he 
hrought from home (or bought without 
telling anyone) Visifile, PFS:Profes- 
sional Write, Multiplan, ProKey, and 
severa] truly off-the-wall programs and 
some hardware to make himself feel that 
even though he didn't get an AT, he is still 
better equipped than the average guys 
who don't know how to work the angles 
and get what they want. Time cards, re- 
ports, and sensitive personnel records are 
now tied up in files and formats that are 
accessible only through programs no one 
else knows anything about. It appears that 
the hard disk drive is failing sporadically, 
with no backups in sight. 

Your arguments boil down to encour- 
aging personal creativity and initiative; 
mine boil down to being able to pick up 
and go on, even when that creative person 
has picked up and moved on, leaving 
someone else to clean up behind him. As 
in so many other things, there is a balance 
to be struck. In my mind, the critical fac- 
tor in determining that balance is the de- 
gree to which disruption of company 
business will take place if a customized 


and personalized hardware/software set- 
up is left for a new person to take over. 

Standards serve the interests of the 
company mostly from a standpoint of 
continuity, and I have grown to appreci- 
ate continuity of service, and a predict- 
able level of quality of service and prod- 
uct, as absolutely key ingredients in the 
success of any business. 

At the very least, I will forever more 
make one demand: No matter what else 
goes on, no matter what hardware or soft- 
ware is used, | set a minimum standard 
and procedures for at least a weekly 


backup. This includes all users backing 
up all data files and turning those back- 
ups over to the DP department for off-site 
or fire-safe storage. 

The DP mentality has more than tradi- 
tion and bureaucratic mindset às its mo- 
tive force. There are real concerns that 
can be addressed only by the implementa- 
tion of standards at some level. 


the MIS side of the story, —Jerry Bi 
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or not 
to C..." 


—Hrian Fenske, Boeing Commercial Airplane Company 


Actually, you don't have to make the 
choice. Once C was ideat for all PC pro- 
gramming. But it has been complicated by 
windowing and graphical interfaces, Now 
windows development with C is difficult, 


time-consuming and error-prone, You 
need a new language that simplifies win- 
dows programming. Introducing Actor? 


Actor is the first interactive object-oriented language made for commercial development. 
Its powerful browsers, inspectors and debuggers give you more insight into a windowing ` 
environment than C ever will, But your C work is not lost. C libraries can be linked to Actor. 
| Plus, its procedural syntax is easy for C programmers to learn. 


Actor comes with windowing classes built in. Customize Actor's classes to create stand- 
alone windowing applications. And objects give you another layer of independence for a 
smooth transition to OS/2 and Presentation Manager. it's the quickest and easiest way to write 


a windowing program. 


"Fou can write Windows programs much faster with Actor than with C or assembby language.” 


—PC Magazine, June 9, 1987 


* Runa with Microsoft Windows 1.04, 2.0 
and 386. Extended memory under 2.0 
and 386. | 

* Pure, single-inheritance object-oriented 
language, incrementally compiled. 

* Dynamic linking to C, Pascal, Assembler, 
or Fortran libraries. Pass data in C 
structures. 
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multitasking, and DDE. 

* Fast device-independent graphics: lines. 
shapes, icons, cursors, bitmaps, 
metafiles, Turtle graphics, sample 
control language using YACC. 

* 150 classes, 1500 functions, 
fully extensible. 


* Window sryles: Wied, overlap “Ra 
ping, popup, child, edit, dialogs EAM 
Controls: list boxes, scroll bars, 
buttons, check boxes. | 

* Data su'uctures: stacks, arrays, queues, — 
lists, dictionaries, sets, sorting, hashing, 
intervals, 

* Al support: frames, symbols, 
dictianaries, lists, symbolic program- 
ming, functional arguments. Parsing 
and lexical analysis YACC compatible, 

* String manipulauon: substring, cancat, 
append, insert, remove, search. 

* 643-page manual includes tutorial and 
reference. 

* No license fees. Generates stand-alone 
applications, 

* Fastest interactive OOL available. 

» Fast incremental garbage collector. 


Actor $495 * Academic price $99 © Academic site license $99 « Manuals for site 
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ited? 


un*lim'i*ted, a. [L. limitus]: The ability to expand your 
personal computer’s storage capacity beyond your wild- 


est imagination. 


Up until now, the concept of unlimited 
PC storage capacity was about as practi- 
cal as cramming all your office files into 
your briefcase. Storage capacity could 
only be stretched as far as the fixed 
capacity of your hard disk. Or to 
the limit of your patience for 
shuffling through stacks of 
floppies. 

But imagine instead that you 


could insert and remove hard disks as easily 


as a VCR cassette — your PC's storage capac- 
ity would then be virtually limitless. 

That's exactly the idea behind the Tandon 
Personal Data Pac, the world’s first and 
only ' portable, Win- 
chester hard disk. 
Just attach a low- 
cost Ad-PAC drive 
receptacle to your 
PC, and its powers 
of memory are 
totally trans- 
formed. You can 
choose from a 
number of self-contained, 
portable Personal Data Pacs that can 
be inserted and removed as easy as a floppy. 
Now a whole business worth of software 
and data can fit neatly into your 
briefcase. Ready to go any- 
where your business 
will take you. 

And when you 
are done for the 


Circle 305 on Reader Service Card (DEALERS: 306) ^ 


Tandon 


day, your entire informa- 
tion base can be simply 
locked away where only 
you can get at it. 

If you want to share your 
software and data with 
others, the Tandon Personal 
Data Pac offers you the 

cheapest and most reliable 
| "network" possible. Simply 
— what you need from one 

Pac to another, and turn a shared PC into . 
a dedicated workstation, just for you. 

If your travels with the Data Pac take you 
on a bumpy road, don't worry. Your software 
and files will be safe and secure inside the 
Pac's rugged housing. It 
can even take a trip in the 
mail or an occasional 
fall off your desk. 

See your Tandon 
Dealer today or call us 
at 1-800-556-1234, 
ext. 171 (in California 
1-800-441-2345, 
ext. 171) and learn 
the new definition for 
personal computing. 

The possibilities are limitless. 


We're redefining | 
personal computing. 
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The Quantus Turbo AT 

e Monochrome monitor 

e Hall-height 40Mb hard drive 
s 80286 running at 6-10MHz 
e (Mb RAM 

e B expansion slots 

s Text/graphics card 

e opeaker 

e 1.2Mb floppy drive 

e 101-key enhanced keyboard 
e 200 walt power supply 

e 3 year limited warranty 


$1495 


COMPLETE 
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The Quantus MT386 

e Monochrome monitor 

e Full-height 80Mb hard drive 
e 80386 running al 4.77/6/8/10/16MMHz 
e 2Mb RAM 

+ 8 expansion slots 

è Text/graphics card 

e Speaker 

e 1 2Mb floppy drive 

e 101-key enhanced keyboard 
e 200 watl power supply 

e 3 year limited warranty 


$2995 


COMPLETE 


The Quantus Turbo XT 

e Monochrome monitor 

e Hall-height 20Mb hard drive 
e BOBB running at 4 77-8MHz 
e 640K RAM 

e 8 expansion slots 

e lext/graphics card 

s Speaker 

e 360K floppy drive 

e 84-key keyboard 

+ 150 wall power supply 

e 2 year limited warranty 


$795 


COMPLETE 
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System Calls in Modula-2 


Here's how to use Modula-2 
to interact with your computer 
at the BIOS and DOS level 


iklaus Wirth created Pascal to help teach pro- 
gramming, but people discovered they had 
problems using it in real-world situations. For 
example, Pascal cannot access the computer's 
hardware at a low level. Wirth resolved this 
problem when he designed Modula-2, a successor to Pascal that 
was meant to be used in the real world. 

It's easy to use Modula-Z tu program an IBM PC or PS/2 ata 
lower level than you might normally use in another high-level 
language. The source code listing accompanying this article il- 
lustrates programming at the ROM BIOS level and the DOS 
level through Modula-2. i've tried to annotate it as much as pos- 
sible for easy reading. [Editor's note: The program MODDOS . MOD 
is available on BIX, on BYTEnet, on disk, and in the Quarterly 
Listings Supplement. See "Program Listings" in the table of 
contents. To "find" source code in the Listings areas on BIX 
and BYTEnet, search by article title, author, or issue date. 
Some archived files may contain numerous listings for a single 
article. A description of the file also accompanies cach entry. | 

MODDOS . MOD gets, sorts, and prints directory entries matching 
a filename pattern; gets and prints the amount of available space 
on a specified disk; renames files; clears the screen; and locates 
the cursor in a specific place on the screen. I compiled and 
linked the source code with the Modula-2/86 package from 
Logitech. Because other Modula-2 implementations may pro- 
vide a slightly different set of library modules from those of 
Logitech, you may need to change some of the identifiers in the 
source code listing. 

You should watch out for several identifiers. SWI generates a 
software interrupt and is used for ROM BIOS calls. DOSCALL is 
used to call DOS routines and functions. ADDRESS is a data type 
for variables that can simultaneously be considered a pointer 
to à word or a record containing the segment and offset address 
of a variable. ADR is a function that returns the address of a 
variable. 

FROM ... IMPORT «module names»: If the names of the mod- 
ules to be imported are different from Logitech's, you will have 
to change the references to them here. The implementation and 
definition modules for both the Yes and Vidserv files are avail- 
able at the tail end of MODDOS.MOD. You should extract these 
files, compile them separately, and import them as shown in the. 
IMPORT section. Each IMPORT declaration names the module to 
be referenced and must also include the names of each variable, 
type, or procedure to be included in the final product. Thé ones 
used here, except as mentioned above, are supplied with the 


Modula-2/86 package as parts of the standard library. 

In practice, MODDOS . MOD could have been written in distinct 
modules, compiled, and then merely called by a main driver 
program. To make the program more readable, however, I have 
combined the necessary parts into one module. 


Getting the Directory 

To use DOS to get the directory entries, I use the Modula-2 pro- 
cedure DOSCALL to perform various DOS functions. If your 
Modula doesn't have a similar procedure, you can accomplish 
the same thing by issuing interrupt 21H with the DOS function 
number in the AH register (more on how to do that later). 

The procedure FindMatch (see listing 1) locates the disk 
transfer area (DTA) and finds the first file that matches the wild- 
card pattern given in the global variable filename. The proce- 
dure gets the address of the current DTA by executing DOS call 
2F hexadecimal (decimal 47); the DOS call returns the address 
in the variable DiskTransferAres, which was earlier declared 
as an ADDRESS. We will use the value of D1skTransferAres in 
this and other procedures to locate other useful information. 
When we call DOS with the value 4E hexadecimal (decimal 78) 
to start searching, we must provide it with the address of the 
pattern we want to match (FileNamePattern} and a CARDINAL 
number describing which files to look for (attribute, a global 
variable). The value of attribute is the sum of any or all of the 
following values: 


] read-only files 
2 hidden files 

4 regular files 
16 subdirectories 


For example, if you wanted to find all the regular and hidden 
files matching the pattern, you would set attribute to 6. There 
are also attribute values for getting the volume label (value of 8), 
and only files marked for archiving (value of 32). but these file 
types are of limited use. 

When you execute DOS call 4E hexadecimal, DOS returns 
the first filename that matches the given wild-card pattern and 
attribute type. The name is an ASCIIZ string (an ASCII file- 
name ended by a zero or null character), and it is located 30 
bytes past the beginning of the DTA. Both AsciizFileName and 
CharacterPointer point to this location, and they are both in- 
cremented in the process of filling the character array direc- 
tory with the filename to which both pointers point, 

The beauty of Modula-2 over Pascal in this instance js that the 
use of pointers (CharacterPointer is defined as being of type 

continued 
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byteptr, which is a POINTER TO CHAR) allows us to circumvent 
Modula-2's type checking. This means that Character- 
Pointer or any other variable of type byteptr can be used to 
locate integers, characters, or any other basic type, although 
characters are the only byte-size information we would probably 
need to access. Variables declared as POINTER TO WORD are also 
useful for transferring 16-bit words into program variables. If 
you're familiar with Pascal, notice that there is no need to de- 
clare an ARRAY as PACKED. All characters are stored in a byte, 
instead of a word, so packing is effectively done all the time. 

The next step is to determine the file's size, a 4-byte quantity 
that starts at DiskTransferArea+26. The variable cardinal 
points to this word, which is the low-word portion of the file size 
returned by DOS. (The high-word portion is located 28 bytes 
into the DTA.) If you were programming in 8086 assembly lan- 
guage, you would have to remember that the 8086 (and other 
members of its family) saves words as low byte/high byte. In 
Modula-2, however, since cardinal is a POINTER TO CARDI- 
NAL, assigning the dereferenced pointer to a variable of type 
CARDINAL (the statement CardinalSlze:-cardinal;) causes 
the language to convert the memory locations properly. 

The final result for this value has to be in a variable of type 
REAL, since the file size may take on values larger than the 
65,535-byte limit of a CARDINAL variable. I first convert it to a 
string, then to a real because both these procedures already exist 
(and no such cardinal-to-real procedure does); the end result is 
thc REAL variable sizelow. 

When a program calls DOS function 4E hexadecimal, DOS 
also saves the information needed to find the rest of the match- 
ing files that meel my criteria. The FindNext procedure (not 
listed here, but part of file MODDOS . MOD) will cycle through the 


directory until no more matches are found, using this informa- 
tion DOS has stored. You also have access to an error code and 
other file-related data; the attribute byte is at DiskTransfer- 
Area+21, a 2-byte time stamp is at DiskTransferArea+22, and 
a 2-byte date stamp is at DiskTransferArea+24, 

The final procedure, GetDir, uses FindMatch, FindNext, 
and several other procedures to prompt the user for a wild-card 
pattern; then it gets, formats, and prints the files that match it. 

Overall, this solution has the best of both worlds—the speed 
and simplicity of predefined DOS functions and the formatting 
and arithmetic conveniences of a high-level language. Note that 
the code to read in a filename and get its size involves duplica- 
tion in the FindFirst and FindNext procedures. These blocks 
of code could have been modularized into shorter, more effi- 
cient procedures. 


Free Space on a Disk 

My next example uses DOS to help locate and print the available 
free space on a disk. A simple DOS call to function 36 hexadeci- 
mal (54 decimal) in procedure FreeSpace returns the number of 
available disk clusters, the total number of clusters, and the 
bytes per sector. If an error occurs, the DOS function returns 
FFFF hexadecimal or 65535 decimal in the variable error. If 
there is no error, it returns the number of sectors per cluster. As 
before, we convert certain cardinal numbers to strings, then to 
real variables so that the variable realfreebytes is big enough 
to hold any values given to it. 


Renaming Files 
The procedure for renaming a file, RenameFiles (see listing 2), 
is even simpler. The two input parameters to this procedure are 
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the current filename (oldname) and the desired new filename 
(newname), This procedure uses the ADR function to get the file- 
names' addresses to pass to DOS, then calls on DOS function 56 
hexadecimal (86 decimal) to do the work of renaming the file. 
Since this DOS function actually changes the file's directory 
entry, you can use it to move a file among subdirectories on the 
same disk, but you can't use it to rename a file from one drive to 
another. 


Using ROM BIOS Calls 

For examples of using the IBM PC or PS/2 ROM BIOS calls in 
Modula-2, I’ve added two functions to the library, Cis (clear 
the video screen) and GotoXY (go to a specified row and col- 
umn); see listing 3. The ROM BIOS calls in this Logitech ver- 
sion are done through a Modula-2 procedure called SWI, which 
stands for software interrupt. 

Logitech recommends that you push the 8086 base pointer 
before an SWI call and pop it immediately after. You can use the 
CODE procedure, which merely inserts its parameters directly 
into the final program, to create short assembly language se- 
quences. CODE(55n) means to push the base pointer onto the 
stack, and CODE(5Dh) means to pop it. The SETREG procedure 
does exactly what it sounds like— it lets you set the value of a 
register directly. 

Both ROM BIOS procedures use the interrupt value of 10 
hexadecimal (16 decimal) to request video services. The call 
format is SWI(10h, parameter). By changing the parameter, 
this interrupt can activate such items as disk services, printer 
services, time and date services, and communications-port ser- 
vices. [n general, anything that is available to an assembly lan- 
guage program is available to Modula-2 through the DOSCALL, 
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SWI, and CODE procedures. 

The DOSCALL and SWI procedures differ in that the former 
takes place at a much higher language level. The DOSCALL func- 
tions are similar to any Modula-2 procedure in that they use pa- 
rameters specified in the heading of the procedurc being called. 
The DOSCALL procedures then set the proper register values, 
generate the interrupt, and return the proper values. 

When you use the SWI procedure, on the other hand, you 
must set the register values yourself. These values are passed 
"as is" when the software interrupt occurs. The values re- 
turned, if any, are placed in the proper return registers, and you 
use the GETREG procedure to return the value to your program 
variables. 

If you don't like dealing with system interrupts, Modula-2 
makes it simple to write your own library procedures to do the 
low-level work you want to hide. This means that you can write a 
series of library procedures to handle SWI calls, returning the 
values to your program in variables. From that point on, you can 
call your software-interrupt procedures with the same format as 
the DOSCALL procedures instead of recoding them each time and 
worrying about which parameter goes in what register. Modula- 
2's modularity is perfect for that sort of thing. 


Clearing the Screen 
You can clear the video display in several different ways. One 
quick way is to reset the screen mode to the mode it's already in; 
this effectively clears the screen on the IBM PC and many com- 
patibles. A second way is to write blanks through the screen lo- 
cations yourself. Since screen accesses wrap around if you write 
past the end of the screen (because you specify the screen page 
continued 
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Listing 1: The F1ndMaten procedure finds the first file 
that matches the wild-card string in the variable 
filename. This procedure ts part of a larger file, 
MODDOS. MOD (see main text for details), and some of 
the variables listed here are declared elsewhere in 
MODDOS. MOD. 


PROCEDURE FindMatch (VAR error :CARDINAL: 
VAR NumberFound 
:CARDINAL):; 


(* This procedure uses DOS call 2Fhex to 
locate the disk transfer area, and DOS call 
4Ehex to find the first file that matches our 
directory path and wild-card pattern. When 
this routine is called, DOS also provides the 
information required to find additional files 
matching the specifications *) 


VAR sizelow,sizehigh :REAL: 
CardinalSiza :CARDINAL; 
cardinal :cardínalptr; 
StringOfcardinal :string; 
okay * BOOLEAN; 


BEGIN 


FileNamePattern:=ADA (filename); 
DOSCALL(Zfh,DiskTransferArea); 
DOSCALL (deh,FileNamePattern, 
attriburte,erro5r); 
AscilzFileName:= 
DiskTransferAreat+36; (* filename 
skarts 30 bytes into the 
DiskTransferArea *) 
CharacterPointer:-AsciizFileName; 
NumberFound:s1l; (* increment the 
counter for number of 
matching files found *) 
counters=1; 
WHILE CharacterPointer^«»nul DO 
{* ASCIIZ string, so it will 
have a 8 byte at end *) 
directory (NumberFound, counter]:- 
CharacterPointer^; 
AscilizFileName:eAsciizFileName*1; 
counter:scounters1; 
CharacterPointer:wAscilizFileName; 
END; 
cardinal:=DlskTransferArea+26; 
{* set pointer to low 
order word of size *) 
CardinalSize:=cardinal’; 
CardToString (CardinalSize, 
StringOfCardinal,12): 
StringToReal (StringOfCardinal, 
sizelow, okay) ; 
cardinal:=DiskTransferAreat+28; 
(* high order word of size 
located 28 bytes into 
DiskTransferArea *) 
CardinalSize:-cardinal^; 
CardTosString(CardinalSize, 
SCcringOfCardinal,12):; 
StringToReal (StringOfCardinal, 
sizehigh, okay); 


sizelow:=sizelow+ (sizehnigh*63536.8); 
RealToStringí(sizelow,8,12, 
sizes[NumberFound],cockay):; 


END FindMatch; 
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Listing 2: The RenameFiles procedure changes the 
directory entry of a given file, or it returns an error 
message. 


PROCEDURE RenameFiles(VAR newname, oldname 
:ifilearray); 


VAR newfile, aldfile :ADDHESS; 
error :CARDINAL: 


BEGIN 
oldfiie:zADR(oldname);: (* the DOS calls 
require the 
ADDRESSes of *) 

newfile:=ADA(newname); [* the filenames *) 

error:=0; 

DOSCALL (56h, oldfile, newfile,error}); | 

CASE error OF | 
3: WriteString(’ PATH NOT FOUND’); | 


WriteLn | 
5: WriteString('ACCESS5 DENIED’); | 
WriteLn | 
17: WriteString('PATH NOT FOUND’); | 
WriteLn 
ELSE ; 


END: {* CASE *) | 
END RenameFiles; 


Listing 3: The GoToXY and C1s procedures. This 

listing contains a complete module, Vidserv, which 
should be compiled separately and brought into 
another program through the IMPORT statement. GoToXY 
moves the cursor on the video display to a given row 
and column, C18 clears the screen by scrolling ii up 24 
lines. 


DEFINITION MODULE Vidserv; 


FROM SYSTEM IMPORT AX, BX, CX, DX, CODE, 
SETHEG, SWI; 
FROM InOut IMPORT Write; 


EXPORT QUALIFIED 
GotoXY, Cls, Tab; 


PROCEDURE GotoXY([ col, row :CARDINAL}; 
PROCEDURE Cls į]; 
PROCEDURE Tab {spaces :CARDINAL):; 


END Vidserv. 


IMPLEMENTATION MODULE Vidserv; 


FROM SYSTEM IMPORT AX, HX, CX, DX, CODE, 
WORD, BYTE, DOSCALL, 
SETREG, SWI; 
FROM InGut IMPORT Write; 


PROCEDURE GotoXY( col, row :CARDINAL}; 
VAR rowl, coll :CARDINAL; 

dx :WORD;: 
BEGIN 

rowl:srow-l:; 


(* adjust row, col back to 
g,B *) 


cgll:zcgl-1:; 


dx:-WORD(collt(rowl1*256)]:; 
coniinued 
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CODE (55H) : 
SETREG (AX, 2809H} ; 


(* push BasePointer *) 
(* position cursor 
functíanm *) 

(* raw in dh, col in di *) 
(* current page number *) 
(* ROM call for video 

services *) 
(* pop BasePointer *) 


SETREG (DX, dx}; 
SETREG (BX, dH) ; 
5SWI(l18H): 


CODE (5DH) : 


END GotoXY:; 


PROCEDURE Cls (): 
VAR bottom :WORD; 


BEGIN 

bottom:-WORD(798-(24*256)) : 
(* set bottom to 
column 79 in 
register DL *) 

{* and row 24 in register 

DH *) 

CODE(55H) ; {* push BasePointer *) 

SETREG(AX,600H); (* scroll up - register 

AH=6 *) 


being affected, and the wrap occurs within that page), it doesn't 
really matter whether you start from the first screen location or 
not. If you don't start from the first screen location, though, 
your cursor will return to the position from which it started. If 
you want the cursor to end up in a certain position (upper left 
corner, for example) after the screen is cleared, you can use the 
GotoXY procedure to move it. 

The procedure C1s clears the screen by scrolling up 24 lines. 
I chose io do it this way to provide a base procedure for you to 
change and make more useful. The call to C15, which appears in 
listing 3, has no parameters. Notice, though, that the CX regis- 
ter contains the upper left coordinates of the window to be 
scrolled, and the DX register contains the lower right coordi- 
nates. This information makes it simple to change the procedure 
to a generic window-clearing procedure that clears a specified 
rectangle of text. All you need to do is add parameters to C1s, 
like this: 


Cis(upperX,upperY,lowerX,lowerY) 


and correctly insert the parameters into the CX and DX regis- 
ters. If you separately compile this as a module, you can use it in 


SETREG (CX, 8004): (* upper left row and 
calumn = 8,8  *) 
{* lower right row in 
dh, col in dl*) 

(* blank line video 

attribute *) 

(* ROM call for video 

services *) 


(* pop BasePointer *) 


SETREG (DX, bat tom) ; 
SETREG (BX, 788H) ; 
SWI [18H) > 
CODE (5DH) 7 

END Cls: 


(* This procedure is not covered in the 
article: *) 


PROCEDURE Tabíspaces :CARDINAL}; 
VAR counter CARDINAL; 
BEGIN 
FOR counter:#]1 TO spaces DO 
Writeil' ')!: 
END; (* FOR 
END Tab; 


.. DO *) 


END Vidserv. 


all your programs to clear either the whole screen or some por- 
lion of it. 


Moving the Cursor 

The GotoXY procedure (see listing 3) uses the requested row and 
column screen coordinates as its parameters. GotoXY subtracts ] 
from each coordinate (allowing users to think of rows and col- 
umns that start numbering at 1, not 0), places the proper values 
into the correct registers, generates a software interrupt, and 
voila!, your cursor is where you want it to be. This is another 
simple procedure that can be writien once, compiled separately, 
and used by any program you write in the future. 


Access and Control 
Modula-2 is not a perfect programming language, but it offers 
the best features of Pascal (block structure and strong type 
checking) and C (low-level access to hardware). It also has sev- 
eral advantages over Pascal itself, most notably its separate 
compilation of modules, its cleaner syntax, additional program- 
ming constructs, and an improved I/O interface. Now that af- 
fordable Modula-2 implementations exist for most 16-bit micro- 
computers, you should consider getting to know it. 8 
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business with BEX's electronic mail 
Service. 

“Talk” to your cast coast, west coast 
— even European — contacts all in the 
same day. 

Or, simply communicate with other 
BIX users worldwide. Share information 
and ideas privately, or in conference. 


Choose any option for 
online access with a one time 
$39 membership fee 

@ Use MasterCard, VISA or American 
Express and begin your LO day trial 
use of BIX right now. 

e The 10 day trial also applies if you 
open an individual pre-paid account 
on BIX Trial commences once we 
open your account and notify you 

e Other billing options including qual- 

ified corporate accounts are available. 

(Sorry, our 10 day trial is not available 

for these accounts. ) Call or write BIK 

for details 


Use credit cards for immediate 
access or call the BIX Helpline for infor 
mation on any other payment option at, 
1-800-227-2983 (from LS. and Canada) 
603-924-7681 (in New Hampshire 
and elsewhere). 

Act now! Our 10 day trial offer is 
subject to cancellation at any time, 


"To notify BEX that you wish ro discontinue service at any time during the trial period, cali the BIX Helpline, and your entire membership fec will be refunded 
“BIX can he accessed via Tymnet throughoul the US. and Canada. For the Tyainct number nearest you, calf the BEX Helpline or Tymaet al 1-800-356-0149 

Tlf your local Tymner number is a voll call vou will receive additional charges from your tocat phane company at their prevailing rate. 
++ Continental (1, Ternet rates, Rates from other areas are available [rom BIX, 


Circle 450 on Reader Service Card 


BIX is easy to join 
To log-on to BIX, simply: 

Set your computer's telecommunications 
program for full duplex, 8-hit characters, no 
parity, | stop bit OR 7-bit characters, even parity, 
| stop bit, Use 300 or 1200 baud. 

Call your Tymnet number ** and respond as follows: 


Tymnet Prompt You Enter 
Garble or request for 
"terminal identifier" d 
login: bix« CR»? 
BIX logo. name: bix.038 «CR 


Callers outside the US. who have à communicat- 
ing computer or terminal and à packet switching 
account with their host country phone system 


can reach BIX by entering 310690157800. To 
commence registration, enter the code listed at 
the BIX logo/name: prompt. 

Alter you register, you'll automatically be taken 
to the BIX Learn Conference, an online tutorial 
that will show vou how to begin using the system 
immediately, Time spent in the Learn Conference 
is FREE. Complete system documentation will be 
sent to you within a few days. 


Access time will be billed at the following 


hourly rates.+ 


Off-Peak Time$|1/hr. {$9 BIX, $2 Tymnet)i7 
(C PM = 6 AM ieehdays, ali day weekends and bolidays) 
Peak Time — $20' hr. ($12 BIX, 58 Tymnet yit 
(6 AM — 7 PM ireckdays) 


YT} OHELCHOMATIOM $ XC EAM 


One Phoenix Mill Lane 
Peterborough, NH 03458 


THE BUYER’S MART 


A Directory of Products and Services 


THE BUYER'S MART is a monthly advertising section which enables readers 

lo easily locale suppliers by product category. As a unique feature, each 

BUYER'S MART ad includes a Reader Servica number 1o assist interested 
| readers in requesting information from participating advertisers. 


RATES: 1x—$475 3x—$450 6x—$425 12x—$375 
Prepayment must accompany each insertion. VISA/MC Accepted. 


AD FORMAT: Each ad will be designed and typeset by BYTE, Advertisers must 


furnish typewritien copy. Ads can include headline (23 characters maximum), 
descriptive text (250 characters maximum), plus company name, address and 
telephone number. Do not send tages or camera-ready artwork, 


DEADLINE: Ad copy is due approximately 2 months prior 10 issue date. For ax- 


ample: March issue closes on January 7. Send your copy and payment to THE 
BUYER'S MART, BYTE magazine, 1 Phoenix Mill Lane, Peterborough, NH 03456. 
For more information call Mark Stone at BYTE 603-924-3754. 


| |» ACCESSORIES 


PROTECT YOURSELFI!! 
Ergo-Vision" Plus 2 Radialion Filter with patented 
nickel mesh protects you irom radiation, stallc, and 
giare. Reduces electromagnetic radiation by 80% +. 
electrostatic charge to O and eliminales gare. 

Anlifftad/StauG! filter $99. AntifStat/G! $39. 
wh £3. Check/COD. Specify monlo manulacturer & 
modal #. Free catalog, 

Abeison Communications 
Dam. B, POB 1031, Rockville Canire. NY 11570 


516-768-7782 
Inquiry 551. 


| FREE CATALOG 
| Thousands of parts and naw surplus electronic parts 
at super low progs. FAST ORDER PROCESSING 
AND SHIPPING (9596 of all orders siipped within 
48 hours) 
CALL OR WRITE FOR A FREE CATALOG. 


ALL ELECTRONICS CORPORATION 
PO. Box 567, Van Nuys, CA 91408-0567 


| . 1-800-826-5432 
Inquiry 552. 


SOFTWARE PACKAGING, DISKS 
Cloth binders & sips ike BME Vinyl binders, baxes, and 


azes Disk pages, envelopes & labels Low | 


aty Buik & branded disks Much Morel Low 
prices. Fast service. Call or wne for FREE CATALOG. 
Anthropomorphic Systems Limited 


376-B Easi S1, Charles Fioad 
Lombard, IL 60148 


Puntáed United 
Leste HIS times longer than me 
For printer: using Vs" width opan spon ribbon 
Otia B2 ^ 8344-90-03 Dao LA 


\ yeanza 
t M Dec LÀ JOB 1443 
p ni WX adeat AD 
Dvn 


Tt 620, Bad 
Corma us by mad, pons or les and we wii onset you & beccnue | 


CONTROLLED PRINTOUT DEVICES, ING. 
POB 869. Baldwin Ra, Arden 


(704) 884-8044 * TELEX: (FILMON-AREN) 577454 
Inquiry 556. 


FREE CATALOG 
Valuable Computer Supphes Source for Diskettes » Disk 
Packs « Dusi Covers » Furniture » Data Cartridges * 
Pid Suppe» Cleaning Supplies * Tapes + Fibbons 
= Paper * Copler Supplies » Surge Proteciors » Cables 
s Prnt Wheels * LOT MORE * LOW PRICES + 

= Bulk Diskethes as low as 30€ each 

Cal, Write or Circle Inquiry Card for s FREE 
GAAN COMPUTER SUPPLIES 
185 B East Sunnycaks Av, Campbell, CA 95008 


(800) 523-1238, in Calif. (408) 270-6747 
Inquiry 557. 


COMPUTER TAPES 
Nine Track 6250 Bpi Used 
2400' & 1200' Reels 


$ 2.90 Each 
Replacement Guaranteed 


Prism Development Corp. 


POLAR FILTER 
* ee eee ———— ee ee 
Outsicin light which m common Cus of sys beau 
« enm fn ras ven POTES wal ea 
whekinig nerves 
* Blocks oul 10046 of Ulaviclet rays 


COMES IN N VARIOUS SIZES EVEN FOR TV's 127, t4^, 18, 
off S27, £37. 149) mapectively, Cashay^s check, money order 
COO, wiria wpicoma 


UNLIMITED Computer Systems 
11175 Mt. View Ave. #K, Loma Linda, CA 92354 
Ph # (714) 798-7074 — Fax 8 (714) 796-3931 


Inquiry 561. 
ARTIFICIAL INTELLIGENCE 


FamilyCare™ Software 
Tha comprenensive medical dagnosic axpert system 
spares ive. Unnecessary ripa To a physician by 
guiding you quickly through possible symptoms and 
Giving you specific directions for medical care. home 
treatment, and medications. Includes hundreds of 
symptoms, injuries, and diseases of newbomna 
through teenagers, 
FamilyCare” Software 
Lundin Laboratories, Inc 
29451 Greenheld Ad. Bata #216, Sogthheld, MI 48075 
600/426-8426 or 313/850-4561 


Inquiry 562. 


| YOUR OWN EXPERT SYSTEM 
MicroE xpert, an allordable experi system shell, aliows 
| you (beginner or programmer) to see how a system 
| works as you bulk] K . Software includes tutorial 
for design of knowledge base and creation of rules. 
Source code provided 
IBM PC: A292. A pe Il: 852110-6 


McGraw-Hill Book Com inpanr | | 


1-800-DEAL-NOW (312) 829-5160 
Inquiry 553. 


JOB PROTECTION 
| your rob ds on your compuler, you should 
have cur FREE catalog Call (800) 356-5794 Ext 
8939 fot a FREE Catalog from ina works largest 
menulacturet of single phase ursniarruptibie power 
eupohea. Call ov write Today! 
BEST POWER TECHNOLOGY, INC. 
PO Bax 280. Necedan, Wi 54646 
In Wis. (608) 565-7200 Ext, 8939 
(600) 356-5794 EXT. 8939 


Inquiry 554. 


RE-INK FABRIC RIBBONS 
i tinge erm prr ce Perro Do al car: 
ribbons with just one nker Choose trom 3 
Manual E-Zea Inker — $39.50 
Electric E-Zine Inkor — $89.59 


Ink Master (Eleciric) — $153.00 
VO s of sapstied users in 5 years. Moneypect poanimies | 
BORG INDUSTRIES 
ES MAIN ST. JANESVILLE, LA 50647 
1-800-853-2404 


Inquiry 555. 
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918-299-0772 


Inquiry 558. 


5300 

Lønar eizo, 204, rontinuous paper computer forms, in- 
voices, statements, letterheads, wc OFFSET PRINT. 
D AS LOW AS ue and qni an da 

dratty samples, dhect feed lo our computer 
(516-283-0153), WE BEY THE PAGE FREE. Free UPS 
shipment m 8 Gays Maiching envelopes same low price 
For 2nd color, add 09€ EA. NY residents add sales tax 

| MC/VISA, € & Exp. date. 


SPTC 
40 SARAH DR. r E PARMNDGDALE s AY © 1732-1212 
515-292-0110 — 


Inquiry 559. 


IBM PC ACCESSORIES! 
Our FREE Catalog includes hundreds of Switches, 
Cables, Buffers, Data Converts, Signal Goosiers, Print 
Spoolers, PC Tools, Surge Protectors & More for your 
| (SM PC. LOW Direct Prices, SAME DAY Shipping & 


Salistiction GUARANTEED! 
Write of Call ky a FREE CATALOG Today! 


Tipz iz Computer Accessories 


Francisco, GA Gath 
jie-Mr ape or 41 630-0333 


Inquiry 560. 


P.O Box 400. Hi LATUM 085 


Lut 


Inquiry 563. 


muLiSP™-87 for MS-DOS 
Fasti, compact, efficient LISP programming ar- 
vironment. mMULISP programs run 2 to 3 times 
fasiat & take 4 to Ys the apace of mher LISPs 
460 Common LISP functions, muitreindow editing 
& debugging. flavors, graphics primitives, lessons 
& help, demo programs, comprehensive manual 


Soft Warehouse, Inc. 
5615 Harding Ave., Suite $06. Honolulu. HI 06818 
— (808) 734-6807 


Inquiry 554. 
ss BAR CODE | 


PRINT BAR CODES 


labal on ! acreen $279. Other simple programs for bar 
codes from $49. 30 day $ back guarantee. 
Worthington Data Solutions 
A-A moin Qo hana c p^ bye 
pon 345-4220 y s A5B-RR2E 
Pianss tse QU! &d on pr 


. BAR CODE 


BAR CODE READERS 
as Pd kaviar. reads an kayna cats. Extemal 
reads a3 n 
| mounting via velcro to aide of monitor, OR can be 


short slot desir in PCs. hae 
P5/2 $39. R 232 Model—$399. Reada UPC. 
EAN, 2 of 5, 3, Code 38 MagStripe option + $100. 


30 day $ bac 

orthington Da Data | Solutions 

417-À ingate S1 CA 34060 

(B00) 345-4270 b= CA: (408) 458-9008 
Pues wea rad did DD Dali o? 


PRINT BAR CODES/BIG TEXT 
FROM YOUR PROGRAM 


rom Ca reve ca a em erm aem Print 

from inside of DASE, BASIC, C. atc. Bar codes , EAN, 
| Zas, Code 3 EpsexVOKVIBM det matrix text up to A" 
| Laserjet fonts up to 2” (144 pta). ball. § 158-5239. 30 day 
| $$ back guaranties 

Worthington Data Solutions 
sir at Si. Santa Cruz 
(BOO) 2453-4270 b Ch ibi nein 
Fiama mee Our acd on page 42 


BARCODE BARGAINS 

Buy direct and save. We'll beat any written 

quotes lor competing equivalent bar code 

code tabe) generation software. 

brochures, Quantity discounts, 

warranty, same day shipping. Bar codas are 
ali we do ar ITS, 

Intemational Technologies & Systems Corp. 

1950 Whae Suy Dr., Dumond Bar, CA 91755 
[714) 861-7077 Tex 205710 ITSCO UR 


Inquiry 565. 


BAR CODE MADE EASY 
PERCON® E-2. READER? keyboard infertaces and mubuser | 


Teo vum 
sofware avetabie Cad lor detisin on inal. scournte. gagy dels. | 
entry Substantial panier daonwa. 


PERCON® 
2190 W. 11th St, Eugene, OR 87402 


(503) 344-1189 
Inquiry 566. 


READ & PRINT BAR CODES 
| Fast, reliable dara entry into your programs aa if 
| from your keyboard, Internal poA PC, XT, AT 

PS/2-M30. H8-232 unit ir DOS & Non-DOS 

systems (incl. al P542). bcd steal wand and 

LASER intertaces. Powerful Bar Code and Text 

printing aoftware. 

ll Scientific Systema 
601 wed ae. Sume 150, rA ey CA 85825 
(016) 388-1775 


BAR CODE READERS 


Solutions Engineering Sales 
B653 Georgia Ave., Siver Spring. MD 209810 
800-635-6533 


Inquiry 568. 
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BAR CODE 


| DATA INPUT DEVICES 
Bar Code & Magnetic Stripe Readers lor microcom- 
| 4 terminals, including IBM P5/2 & others, DEC, 
AT&T, CT, Wyse, Wang. All readers connect on the 
| keyboard cable 4 are transparent to all software. Low | 
ma cec cer eia 


TPS Electronics 
4047 Transport, Pala Alto, CA 94303 


415-856-6833 Telex 371-9097 TPS PLA 
inquiry 569. 


BUSINESS OPPORTUNITIES 


FREE LIST 
100 P.C. BUSINESSES 
Personal Computer Owners can TEL $1000 Io 
moniy selling ample secOoes performed by | 
then computer, Work ef home - La} a FREE 
kai of 100 best services In offer 
A.1.M.B.X 
P.O. Box 60369, San Diego CA 92106-8369 


Inquiry 570. 


COMMUNICATIONS 
MULTI-USER BBS (FOR IBM PC AT) 


-eontrolied 
A Pubic and private topics, audi 
mal, content retrieval and more. 
MS DOS, and UNIX versions. 


MMB Development Corporation 
1821 No Sepufveda Biva , Sute K, Manhatan Baach. CA 90266 
1-800-832-6032 


Inquiry 571. 


COMPUTER BOOKS 


Books! Books! Booka! 
if it's published and about IBM or compati- 
bla computers, we probably have it. Books 
about applications, programming, 
| operating systems, utilities, hardware and 
much more. Write us today and we'll send 
you our latest catalog. Send $1 lo; 
| Book Express 
Gep 100. B51 wadna O South, Bultalo Grove, IL 80089 


Inquiry 572. 
COMPUTER INSURANCE 


COMPUTERS  « LEASED 
« COMPUTERS LEASED TO OTHERS 
* COMPUTERS TAKEN TO SHOWS 
s COMPUTERS HELD FOR SALE 
* OTHERS COMPUTERS IN YOUR CARE 
SAFEWARE, 


The Insurance Agency Inc. 
CALL TOLL FREE 1-800-848-3469 


Inquiry 573. 
CROSS ASSEMBLERS - 


CROSS ASSEMBLERS {or 
VAX VMS and PC/MS DOS 
Faster Version 2.1 Now Availahle 
— Macro Cross Assemblers, 

nkers, Librarians 
Targeted - ROM all Microprocessors 
ENERTEC, INC. 
BOX 1312, Lanadale, PA 19448 
215-362-0966 MC/VIBA 


Inquiry 574. 


CROSS ASSEMBLERS 
CROSS ASSEMBLERS 


MICROCOMPUTER TOOLS CO. 
Phone (800) 443-0779 
In CA (415) 825-4200 
B12 Hastings Dr., Concord, CA 94518 


Inquiry 575. 


680X0 Cross Assemblers 


Banc ATO! i a 
Chori, VEA MC areeni My mcis «i09 ates xc A PO or OOD t, 


“== RAVEN Computer Systema 
Sos 12118, 3 Pma, MN 55112 [812) 38-0385 


Inquiry 576, 


ASSEMBLERS & TRANSLATORS 


| Oro 20 hgh quality, ful function, lasi relocaiable and 


abeciute macro aasembierg are Bvaddbio mmodatoy 
Sourde language wansiators help you change microcom- 
puters. Call lor nio about MSDOS, CPMBO (515 versione. 
RELMS" 
P.O, Box 6719 
San Jose, California 95150 
(408) 358-1210 
TWX 910-379-0014 


Inquiry 577. 


Dissssembla MPU OBJECT CODE on your PC 


much more. Call and as lor what you need 
RELMS"* 
P.O. Box 8718 
San Jose, California 96150 


Inquiry 578. 


DATA CONVERSION 


MEDIA CONVERSION/DATA TRANSLATION 


More than just a straight dump or ASCH transteri 


data on Disk | 


Word Processing, DBMS, and Spreadahes 
| ie aedi dg Girecily into Sr eer rufcwig on 
Declicaied Word Proceseors, 

Typesetiers, end end Flectronikc Publishing yema 
IBM PS2 & Macintosh gupported 

81 io Chey Iranslatión mrisuste 
CompuData Translators, Inc. 
3x25 Wiluhire Bivd., Suite 1202, Loa Angeles, CA 80010 

(213) 387-4477 


Get the Expertiae You Need! 
* Tape/Diek - OCA 
Over 1,000 formata! 3V2, 5Va, or 8 inch disks: 9 track 


Computer Conversions, Inc. 
OSAD Black Min Ad, Ste J, San Crago, CA 82128 


| (619) 693-1897 
Inquiry 580. 
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DATA/DISK CONVERSION 


DISK CONVERSIONS | 
Media transfer to or from: IBM, Xerox, DEC, Wang, 
Lanier, CPT, Micom, NBI, CT, also WP, WS, 

| MS/WRD, OW3, MM, Samna, DEC DX, MAS 11. 
Merox-Writer, ASCII, 

FREE TEST CONVERSION 
CONVERSION SPECIALISTS | 
531 Main Si, Sie. 835, El Segundo, CA 90245 
(213) 545-8551 (213) 322-8319 | 


Inquiry 581. 


DISK & TAPE CONVERSIONS 
AUTOMATICALLY 
SAVE TIME AND MONEY 
Over 1000 formats from Mini, Micro Mainirama. Word Pro 
ceesors & Typesettera. 
| TAPE Convermana as low ús E23 00 MB 
DISK Conversions as low as $25.00 per Disk 
Call ot writs TODAY tor à cow eaning quotabon. 
CREATIVE DATA SERVICES 
1210 W. Latimer Ave. Campbelli, CA 95008 
(408) 866-4080 


Inquiry 582. 


Call Toll Free 1-800-431-2577 | 
CONVERSIONS 
Tape/Optical Scanning 
Most popular SW” and 6" Boppy dak formate 9 track | 
tape, and Ya ‘tape Almost ary font or page format can 
be sead by ow scanners 


DCC DATA SERVICE 
3200 185 S NMW Ste. 704, Washington, OC 20036 | 
D.C. (207) 4832-1419 CT (203) 745-8584 


Inquiry 583. 


IBM PC @tom HP. 


IBM PC to HP Fite Copy allows IBM PCs, PS/2, com- 
patibies to read, write files written by Hewlett Packard 
Series 70, BD. 200, 300, 1000, 8000's Wa offer custom 


work using our Me copy utilities and program Irans- | 
laore. Call lor estimale, catalog, dala shee 


Oswego Software 312/854-3667 | 
507 North Adama St Fax 312/554-3573 
Oswego, Hinos 60543 Telex 658-757 


Inquiry 584. 


CONVERSION SERVICES | 
Conver any 9 track magnetic tape to or from over 
1000 formats including 32" 54" B^ disk tormats & 
word processors. Disk fo disk convermons also 
| available. Cali for more mío Introducing OCR Scan- 

ning Sernces. | 
Pivar Computing Services, Inc. 

165 Arlington Hgts. Rd., Dept 4B 
Buffalo Grove, IL 60089 (312) 459-6010 


Inquiry 585. 


| dBASE I COMPILERS | 
FREE dBASE lll + 


COMPILER DEMO DISK 
Don buy Chpoer^ unt you see ax FREE dBASE Cam 
pie Evaluation KI includes DEMO DISK wah 8 PRGS 


FREE No ab&gebon Cal 24 hours 7 days 
dataBASE Specialties (415) 652-2700 


RO. Bon 2979, Oskdand, CA $9418 
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dBASE GRAPHICS 


EASY dBASE GRAPHICS 
Wary of complicated graphing programe? 
Announcing dPICT. 
dPICT is essly designed to be easy to 
T twa word: in ihree wc bel E^ 
presentations of your dBASE dala 
Pick one. Thal'& all, $49.95 
Requires IBM PC or compatible 


Paragon Tech 
158) Garand Ave fusin CA 32080 


Inquiry 586. 
DEMOS/TUTORIALS 


INSTANT REPLAY I " 
Bad Demos. Tutenaís. Prototypes. Pr 
med Keyboard Macros. and Menu apr ae 
| Screen Maker, Keystroke/Time Edaor Program 
Mamoczer, and Animator Rec'd Great Reviews! Smp 
| ly the BEST Not copy protected. No toyates 60 day 
smhaiachon money beck guar IBM and Compatb 
$149 95 US Crier Cra Dermo Oreiunme g^ 00 


NOSTRADAMUS, INC. 
3191 South Valley Street (ste 252) 
Salt Lake City, Utah 84109. (801) 487-9662 


Inquiry 587. 
DESKTOP PUBLISHING 


Professional Type Composition 

P-XL—Hard-core typography and Typelonts for 
o HP LaserJet li, Okidata LaserLine 6, or Ricoh 
PC 6000 Laser Pnnters. H&J, indents, Tabs, 
Graphics, Wa pL leading, random mix of size & face, 
8-72 pt. fonts. MP-XL complete with 22 fonts, Pi 
+ Bkmn 6-24 p. . $185. M/C VISA 
Many additional type faces available 6-30 p. 

Micro Print-X, inc. 
P.O. Bou 581, Ballinger, TX T8871 
(815) 365-2343 


Inquiry 588. 


DISK DRIVES 


PS/2 DRIVES FOR PC's AT's 
CompatiKiy/PC 


computer 

Cali for further information or to place an order 
VISA/MCACODICHECK 

Micro Solutions r Products 


132 W Lco Hwy DaKsib iL 50115 81&754 3411 


DISKETTES 


DISKETTES ALL BRANDS 
Xidex OS/DD Bulk 5a" w/Tyvek 
3M DS/DO/RH Boxed Sva” 
Compudiak DS/DD Boxed 5% * 
Ashton Tate Degaussed 5'«* 
Fuji DS/DO Bulk 312" 
Xidex HD Boxed 5*4 " 
We carry Sony & Maxell 
1-800-544-0141 


ienmputech | Products Inc. 
La , Philadeiphia, PA 19118 


EEEE 


= mà 


TUUT 580. 


Sta” DISKS 23.90 
MINIMUM QUANTITY 1000 Pcs. 


3v2" DISKS $80 pe r 100 
Advertised Price in the Solas System! 


Large Ory Prices Available. Sold in 1,000 increments 
eee ee shipping charges Send check or money | 


onset ©: ELECTRONIC LIQUIDATORS 
P.O. Bo: 1352, Mairoye, MA 02175 (817) 862-8283 


Inquiry 591. 


DUPLICATION SERVICES 


SOFTWARE DUPLICATION 
è * One Stap Shopping * Technical Support 


« Copy Protection d rae d 
* Competitive Pricing 


SATISFACTION GUARANTEED 
800-222-0490 NJ 201-462-7628 
MEGASof 


PO Gon 710, Freehold. NJ 07728 Sen xr ad o» papa C 
Inquiry 592. 


SOFTWARE PRODUCTION 


services Star-B e, Inc. 
TIS W Main 3t, , PA 19448 
216-388-1706 800-243-1511 


Inquiry 593. 


| FRAMEWORK II USERS 


FAMEWUEN, il FRED OICTIONARY 


"Ee dn Cale re 
Development tools, menus, FW lips, books inia, more 
Buin automatic datebase füteng/meno 
Programa dak + manual booklet $39.85 inc. at 
3.5* add &2 00. req "FRAMEWORK f" 
| Noi FW aeai 6 copy praeced. Send check or money order to 


M. FRANKEL 


t89 FRANKLIN SL. NY. NY 10013 


Inquiry 594. 
FLOWCHARTS 


FLOW CHARTING Il« HELPS YOUI 


char, 40 column echt screen for deti work, much mon 
PATTON & PATTON 
Al Grani Owu Bivd . Gan Jose, CA 95119 
1-800/672-3470, exi. 897 (CA resident) 
1-800/538-8157, ext. 897 (Outside CA) 
406/629-5044 (Outside the U.S.A | 


Inquiry 595. 
HARDWARE 


DISCOUNT CLONES 


a HP Leper Jet Senes I — B1T790. 
Automated Business Solutiona 
516-379-3995 


30 aay moni back guaranieg € | yr nats 4 abd syramine 
Desa mye Ince. Pasa cad icr compe once wi 


Inquiry 596. 


DIGITAL SIGNAL PROCESSOR 
The Model 10 for the IGM PCIXTIAT a based on the TI 
TMS32010 and i$ designed for applications in com- 
munications, wutrumentaon, upah, and nurmenc T- 
cessing A 1K complex FFT takes 90 ma Offered with 
12 bit 8D KHz A/D and DJA and contnvous dats acquis- 
tion & playback option. $650 and up 


DALANCO SPRY 
fuste 241, 2900 Connecticut Ave, NY. 


(202) 232-7989 


inquiry 597. 


HARDWARE 


CHIP CHECKER 
»T4/54 TTL + CMOS » 8000 Mat. + Signelicn 
: In MER * 9000 TTL 
* 14-24 Pin Chips 
Lem, crm in s ne a a n | 


of output in seconds. Ajo beets popular RAM chips. IEM 
| compatible version $259 C128 + C64 version $159 


DUNE SYSTEMS 
2803 Willa Or, St. Joseph, M! 49088 


(616) 883-2352 
Inquiry 598. 


INDUSTRIAL STRENGTH SINGLE BOARD COMPUTER 
Has optimum !eatures lor monitor + control applica- 
tions: 18 Chan A/D « 4 AS23222 Ports = 48 Prog VD 
Lines s 8 Opto IMs = 8 HiDriva OUTS « 4 Timers « 
Ww Cats oo ee Resi- 
OS with T, Compiler, Editor, Assem- 

MHz BOBS » 4 Chan D/A » 

. Support 


PC 
E-PAC 1000+ 8249.00 E-PAC 2000+ 3449.00 


EMAC INC. 
PO Bax 2042. Cerbondae n. 62902. (818) 529-4825 


inquiry 599. 


FREE CATALOG 
Protect your computer power from DI&ck-outs, Down- 


bip ENT dl bor tot AOD RN. 
INDUS-TOOL 
730 W. Lake St, Chicago. IL 60606 
Phone 312-648-2191 


Inquiry 600. 


87C51 PROG. $125.00 
Tha UPA 87C51 Programming Adapter leis you ma 
yout general purpose programmer Io program 
87C51. 8751H, AMDE? SIH, A7 C 252. and disant 
Also jefe you program mha 87 051/87 51H secunty bts. 
and the 87051 encrypeon array Nt very spe and 
VERY coat effective 

LOGICAL SYSTEMS CORPORATION 

6184 Teall Station, Syracuse NY 13217 
(315) 478-0722 Telex 6715817 LOGS 


in Harron an AS 
Largest hál sarios 


NorthTech Support Services, inc. | 
Oberhn. Ohio / Adinglon, Virgerwa | 


1-800-428-7098 218-778-0828 | 


Inquiry 602. 


NEW/USED APPLES & STUFF | 
MACINTOSH — Call 
Apple Parts — Call 
Mac accassorias—hard drives IM 


We buy, sell & horserrade — Apple, IBM 
SHREVE SYSTEMS 
421 Maicom St, Shreveport, LA 71108 
sinters 4-9 $. m. * FAX-316-065-2006 


Inquiry 603. 


C.$.T.—VISAMC 


THE BUYER’S MART 


SANYO 550/555 USERS 
34/7 2MH7 TURBO BO. W/8088-2 . - 
IBM STYLE CGA VIDEO BD. , 
IBM STYLE R&-222. .. o a 
SANYO AS-232 . . 
768K MEM/CLX/EXPANSION BD 
20 MEG HARD DISK SYSTEM. , 
COMPOSITE MONO MONITOR 
$50 COMMUNICATIONS SOFTWARE . 


TAMPA BAY DIGITAL 
1750 Drew Si., Clearwater, FL 34615 
«ry FREE CATALOG +s 812-443-7043 


Inquiry 604. 


GREAT PRICES! 
Brand rere Laur Sager (lornet; Emason| Color Grephice 
Terminals at Gostou prose Incudes 30-dey micranty 
* 18 coors bom 4008 ulla 
* 640 v 480 reactoson 
* DEC VTTO'ANSI X364 c 
* Tiry 4010401 Armor 10 comosspa 

$695 (Model 7107) 
Call 714-074-4113 or write: Wells Data Systems, 
2461 E. Orangethorpe Ava., Fullerton, CA 92831. 
in Canada, cail 1-850-387-9537. 


Inquiry 805. 
HARDWARE/ADD-ONS » 


280" / HD64180/CP/M" CO-PROCESSORS 
pn Rum im sen for PC, PC/AT. 
r 


918-753-3722 
1772A Picasso Ave, Davis, CA 95616 
See our 8d on page 299. 


ATIFORCE RISC SYSTEM 
Replace Bit-Blice Technology 


SILICON COMPOSERS (415) 322-8763 
210 Calitornia Avs., Suite K, Palo Alto, CA 84306 


Inquiry 607. 


PC a ay to a a 

Up to 40 MIPS in Your PC. 

FE Qe PO we toe POI c rà gn 

PCARSC system. The PCAOQ0 uses the NCAO18 Enne 

which &xecuiss high level Forth in glicon Each PCAODO is a 

Gamer purpose parallel coprocessor Hus Gelrvers speeds in 

Te Sito 7 MIPS range over a 100 tres tomer than a PC. 

uses Forth, C or Assembler. From $1295. 

SILICON COMPOSERS (415) 322-8763 

210 Calllornia AVE. Suite dad Palo Alto, GA 9906 


Inquiry 608. 
HRDWR./POWER PROTECT 
PC D/A CONVERTER 


16 CHANNEL 12 BIT RESOLUTION 
16 Analog on a ahon sio configured IBM 
PC VO card. ranges: +5, 10 «1-2 5, 5 and 
10V, Accuracy, +/- 2.5 mv. 
$350 Delivery: Stock 


Price 
ULTRALINK 
eg Ba 1809. Minden Ny £423 
1-800-853-8272 7TU2-722-97148 | 


Inquiry 609. 


ss HUMOR 


BIT O' HUMOR 
JOKES ON DISKETTE 

| Over a thousand great jokes, imencks, puns and bor- 
tuna cookies cn diskette for your MS-DOS compular 
LAN compatible Fire up your offica machines evecy | 
moming with refreshing humor Advanced software 
fexiures liming delays. custom joko database and 
Category Bachon. $24.95 includes program. Specify 
5.25" of 3.5” diskette. 

PLEASURE INTERFACE 


PO Box 381471, Mountain View CA BAO393 
Inquiry 610. 


The Tables of ERP 
Tha “Economic Report of the Presidant'' has 
concise tables cl the major economic indicalons 
(GNP, Employment, inflation, Population and 
much more.) The Tables of Ihe 1988 Report are 
now avaiable on disk in (CAL, WS, CSV, or TXT) 
formats for (PC or MAC or most CP/VM)—829.95 


FAIRFACTS 


Bos 596 San Ales! CA agta 
Inquiry 611. 


LAPTOP COMPUTERS 


LAPTOPS SPECIALS 


Zenilh 181 & 183 * Toshiba « NEC Multispeed EL 
* Datavue Sharp * AFFORDABLE 5'à* or 34^ DRIVE 
UNITS FOR LAPTOPS & DESKTOPS » DICONIX 
PRINTERS « 1200 & 2400 BAUD MODEMS ior 
LAPTOPS) « Fast deltvery 4 reliable friendly service 

Call for low pricing . 
COMPUTER OPTIONS UNLIMITED | 
201-469-7676 (? Days, GAM-3PM Eusiam lime) 


Inquiry 612. 


“Traveling 
19310 North Cree 
1-800-343-8080 (206) 483-8086 


DESIGNED FOR LEGAL WORK 
The SoftWars* Substantive System. "This 
could save a law office 3096 — 45% of the 
lime to process pleadings.” Brief, 9/87. 
Version 3.3 $159. Free brochure, 


TSC 
The Software Company 
P.O, Box 872687, Wasilla, AK 99687 
(907) 745-8287 


Inquiry 614, 
| MAILING LIST PROGRAMS 


COMPUTERIZED ZIPCODE DIRECTORY 
PLIST Dam Me of LSPS ap nodes. meidan cy, aime sec 


per ew 47,000 mex» BT EO COD mara 8348.00 
SS. pate codes Corais wdh mani 


DCC DATA SERVICE 
12M) 16h Sa NW, 
Washington, oc ca 


(202) 452-1419 1-800-431-2577 


Inquiry 615. 
MARCH i988 «BYTE 283 


MEMORY CHIPS 


MEMORY CHIPS 
A12258-15-12-10 pes UM 51000 (1 Meg. Cul 
4100-16 2... ... , Cad 51258 Kor Compaq os 6.4) 
alg 4. . Can 
41128 Piggy Gack kr AT. 243 
414-12 (5404) 3.17 
A14256 (2506) . Cal 
2704,2712827250,27512 Çel — Mouse. 

Paces subject Ic change 


| ESSKA y 1-800-327-3237 


718-353-3353 
Inquiry 616. 


|. MISCELLANEOUS 


WHY PAY RETAIL PRICES? 


Why spend your precious time searching the | 


siores/catalogs for ihe computerfoffice equip- 
ment/supplies you want? Through our program you 
can save time and obtain name brand items al low 
prices. Free Irial membership! For more 
information: 


THE ULTIMATE BUYER'S SOURCE 
308 Crocker #46041-A Mi. Clemens, MI 48046 
1-800-327-4226 


Inquiry 617. 
NEURAL NETWORKS 


Neural Net + Compller 
Netwurkz demos neural net finding nearest match 
of input word to list of words. P complies Nai- 
wurkz and itself for relarget to new CPUs. Three 
manuals tota! 150 pages. All source. Need 
PC/XT/AT w 258KB. October 1887 issue of BYTE, 
page 46, has more into. 

Nerwurkz: 79.95 PLD: 124.96 Goth: $154.95 


DAIR Computer & Systeme 
3440 Kenneth Pao Ano, CA 
(418) 494-7081 


Inquiry 618. 


| OPTICAL SCANNING . 


STOP TYPING! 
OCA anik - BUREAU — We a eee ee 
reviousty Printed M 


* Invoces « Booka « Documenta « Phone Bs 


SCAN 
1 Veolia Trace Ctr. New York, HY 10048 (212) 838-5727 
Inquiry 619. 


PROGRAMMER'S TOOLS 


Affordable CASE 
A new concept in Computer Aided Éngineer- 
ing for developing PC/DOS applications! C 
generates lasi, atficient C code for 
command and manu driven applications. 
Develop. documant, and change easily. Many 
features. For many compilers. 
Amaryllis Inc. 
563 Wattaquacse Rd. Boinn, MA 01740 
(817) 365-5456 


Inquiry 620. 


FINITE STATE COMPILERS | 
Scohware dasgned as Fire State Programs develop 
quicker, tun fester and use less mamory than segue 
tally coded programs Our Editor torts state Lables, the 
slate programs ay. ADA, BASIC, C, FORTRAN 


$75 per Compe 


"X ser Mon 
$1 pi 
IBM PC 1298 Dos 2.04 


AYECO 6024 Nassau Circle, Orlando 
INCORPORATED FL 32806 (305) 295-0930 


Inquiry 621. 
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THE BUYER'S MART 


. PROGRAMMER'S TOOLS 


TLIB™ 4.0 Version Control | 


The best gets better! They loved TLIB 3.0: “packad with 
features. . "mE dellas] amazingly fast. .ex- 
cellent —PC Tech Joumal Sept 87. "has my 
recommendation’ —R. Richardson, Computer 

par Aug 87. Now TLIB 4.0 has: branching, more 
keywords, wildcards & file lists, revision merge, LAN 
and WORM drive support, more. MS/PC-DOS 2.x & 3.x 
$99.95 + $3 54h Visa/MC. 


BURTON SYSTEMS SOFTWARE 
P.O. Box 4156 Cary, NC 27519 (919) 469-3068 


Inquiry 622. 


AMADEUS AND MODULA-2 - 


prognrereno 
wae the am. With complete manuel. Only SHE Free Demo diik 


mn. ID NOUVELLES SA 
CP 877, 1039 t LAURANNS, 


Inquiry 623. 


ree at rei 1.5, ig lhe d aj mos! 

reed M2 DADY in tha word, Pami ACER low! i 

interface, and uitra-sophistcated database tools sungabie 
for use wilh bitmaps, tirat, sts. structured records, itc. On- 
ly $89. From the crearora of ModBase, EmsStorage, and 
raptis. manuals for alf producta aves on ines 
demo disks. MC/VISA/AMEXIPO/COD. 
PM 4536 SE 50th, Poriland, OR 97206 


(503) 777-8844; BIX; pmi 


Inquiry 624. 


PUBLIC DOMAIN 


$3.00 SOFTWARE FOR IBM PC 
Hundreds to choose from, wordprocessors, 
databases, spraadaheels, games, rae totto, 
communications, business, music, bible, art, 
education, language and usaful utilities for mak- 
ing your compule easier to learn. Most programs 
have documentation on (he disk. 
Write for your FREE catalog today! 


BEST BITS & BYTES 
P.O Bax 8245, Dept-8, Van Nuys, CA 91409 
(818) 701-0076 


Inquiry 625. 


RENT SOFTWARE $1 DISK 


Rent Public Domain and User TEM Cv a 
tor $1 per diskfull or we'll sony IBM Uu albo), 


p, C-84, Sanyo 550 a Sampler 

C. 24 hr. lnfo/ordet ine. (o 941-3244 or 
sand #10 SASE (specify computer) Money Back 
Guarantee! 


FutursSystoms 
Box 3040 (T), Višta, CA 92083 


office: 10-6 PST Mon.-Sat. — (519) 941-9761 
Inquiry 626. 


QUALITY SOFTWARE iBM/COMPA TIBLES 
Gei a Word Processor, Spreadsheet, Osisbase, 
Money Manager and 5 arcada games plus our 
10,000 program catalog for ONLY $10.00 (+ &/hj 
800-092-1992 (National) 


800-992-1993 (Ca only) 
819-942-9988 (Foreign) 
VISA, MC, AMEX Accepted- (COD + 1.90) 
The International Software Library 


611-104 Encinitas Shii, Encinitas, CA 02024 


Inquiry 627. 


PUBLIC DOMAIN 


FREE SOFTWARE 
The PUBLIC DOMAIN USERS GROUP provides public do 
main software lor JAM, CP/M, Cid & C-128 compulers. | 
POUG is one of Ihe cidest [ssi 1982) & largest (over 10,000 
members worldwide) users groups 
SPECIAL OF FEA—Send £10 and receive not only our 1 year 
membership bul also aur new member disk Iree (contains 
2! great programs) Of lor more into send a SASE (spacihy 
computer) ta 
PUBLIC DOMAIN USERS GROUP 
PO Box 1442-84, Crangepak FL 32067 
904-284-3512 (ORDER LINE) 


Inquiry 628. 


|. SECURITY 


BIT-LOCK* SECURITY 

Piracy SURVIVAL 5 YEARS proves affectivenass 
of powerful muttiiayered security. Rapid decryption 

. Retiable/small port transparent security 
device, PARALLEL or SERIAL port. Countdown 
and timeout options also available. KEY.LOK* 
security al about 1/2 BIT-LOCK cost. 
MICROCOMPUTER APPLICATIONS 
7805 S. Windermere Circle, Litt)ieton, CO 80120 

(303) 922-8410 or 798-7583 


Inquiry 629. 


SOFTWARE/ACCOUNTING 


dBASE BUSINESS TOOLS 
* Ganeral Ledger * Purch Ord/invmory 
* Accounts Recvbl. * Accounts Payable 
* Order Entry * Job Costing 
" Sales Analysis * Jot Estimating 
$99 EA. + a&n wdBASE 2, 30€ 3 « SOURCE CODE 
dATAMAR SYSTEMS” cr. Cra/cmwcoD 


4876-B Santa Monica Ave. 
San Diego. CA 92107 (619) 223-3344 


Inquiry 630. 
= SOFTWARE/A.I. 


Learn Al Fast 
then” is a book and a disk of Lolus 
“A marvelous little Al training package . 
you? find it an excellent torial. . 
this eo is a must" 
a 


BYTE, Aug. '87, p.252 
It/then la only $89.95 


itfthen Solutions 
t Malleca Way. 8301B SF, CA 94123 411-346-5348 
Lame 13-3 0M 2 heed. $3 I etepeeng A TL naa 


Inquiry 831. 


|SOFTWARE/ARCHITECTURE | 


NATURAL 3-D NAVIGATION 
B 3 Vanishing Pointe Navigator: Great nelp for an- 
isis & architects. Navigator provides rapid mov- 
ing natural views and the capability for unusual 
siantéd rotation. The parapecie can alsd be 
earl or enhanced 3449.95 + + $4.00 S&H 
NE Hoy without notices) 

equire IBM PC or compatible (256K up). 
Demo-disk $7.00 + $1.00 S&H (Version 2.0) 


bp-Cod ling Sy Sy jstoms Inc. 
5 Universi his 
telephone (303) 449-3840 « "aces C (303) ri^ "s 


Inquiry 632. 


SOFTWARE/BASIC 


XGRAF DRAWS IN BASICI 


drawing commands with asse 


language 
thal werk on Hercules, EGA, VGA, CGA and EEGA 
screens. Only $99.00 + $4.00 SAH. Call us at | 
1-800-423-3400 (8:00 AM to §:00 PM EST) 
KOMPUTERWERK, INC. 
B51 Parkview Blvd., Pittsburgh, PA 15215 
For info., call (412) 782-0364 


Inquiry 633. 


THE BUYER’S MART — 


SOFTWARE/BUSINESS 


| SOFTWARE/ENGINEERING 


DATA ENTRY SYSTEM 


| Heads-down data antry with two-pass verification for 
me PCIXT/AT & EXEC ble Loaded wilh features 


COMPUTER KEYES 


21929 Makah Rd., Woodway, WA 98020 | 


(208) 776-6443 
Inquiry 834. 


TSA88-TRANSPORTATION 

À georeral-Dirpose system lor sobing oes 
und iranshipment problems Solves 

transportabon Aera z aril 510 ongins and/or 

desbnations ao applying Ihe Transporalon Sanplex 

Aigonthm Meny-dnven woth tealures smear to LPS. 

Requires 192k. $149 with 8087 suppon user's 

guide. VISA/MC 

EASTERN SOFTWARE ee oe INC. 

P.O. Box 15328, Alexandria, VA 


Inquiry 6:35. 


dFELLER Inventory 
Buts — ov programs written in dBASE 


OFELLER Inventory $150.00 
Requires GAASE Il or IH, PC-DOSCPM 
dFELLER $200.00 


wath History and Purchase Orders 
Flequees dBASE |! or dBASE IU Pius (For Stockrooms) | 


Feller Associates 
CA PPA, Route 3, Ishpeming, MI 49848 
(905; 498-6024 


inquiry 636. 
SOFTWARE/CHURCH 


PowerChurch Plus® 
Fast, be ag reliable church administration 
system. Full fund accounting, mailing bats, 
membership, contnbutions, allendance, 
word processing, accts. payable, payroll, 
multruser suppod, and much more - all for 
$585 complete FHEE demo version 


F1 SOFTWARE 
P.O. Box 3096, Beverly Hills, CA 90212 
213) 654-0865 


Inquiry 637. | 


ROMAR CHURCH SYSTEMS" 


pei 
"e) wx AME Is Ray, 396 € hai 
desk Ad boa &hort! Winke jor trea 28-899 Gude 


Romar Church Systems, Attn: BJB 
P.O. Box 4211, Elkhar, IN 46514 


. (219) 262-2188 
Inquiry 638. 


SOFTWARE/CREDIT 


CREDIT REPAIR SYSTEMS Software 
Now you can clean up your credit for 
a fraction of the cost wilh no hassles 


or problema from a credi! repair agency. 
Fer IBM PC/XT/AT or compatibles 
For free information write: 
C—SYSTEMS 
PO Box 77399, Colorado Spnngs. CO 80907 


Inquiry 639. 


SOFTWARE/DISK LABELING 


“Diskette Labeler” 
Makes professional labels for 5.25* disks on your 
printer with combination of 23 character Tile, 120 File 
Nemes, 10 lines of BO character Comments, and com- 
plete Stats. lnctudes permanent sdhesive. For IBM & 


Sioatani (ale pace mad tea Fakt: 
primer, 449 + H sm 


WeedPatch Productions, Inc. 
| E) 239-0266 


Alfordable Enginsering Software 
FREE APPLICATION GUIDE & CATALOG 


* Sonal Pro 
cessng a ArctivelPassive c ye a Transier 
FunctorvFFT Analysis + Logic Samulation a Micro- 
sinp mie a PC/MSDOS » Macintosh * VISA/MC 


BV BV Engineering « (714) 781-0252 
2023 Chicago Ave. Vow 8-13. Fiversde CA 93111 


Inquiry 641. 


OPTIMIZATION WITH MICRO-DOT 


Macro-Dot s an efhoent, nonknoar constrained opimizer 
lor engineering design Viritlen in FORTRAN. Micro Dot 


Gesgn, analysis and managem 

iama Oeémonsirahon Desketle $15. oppkcebte towards 

purchase VISA/MC/ Check 

Engineering Design Optimization, Inc. 

1275 Carino Fio Verde, Santa Barbara. CA 93111 
805) 967-0058 


Inquiry 642. 


PROFESSIONAL SOLUTIONS 
FOR PCs and DOS 
DEFLECTION OF SEAM? OF UNIFORM OR VARIABLE 
CROSS SECTION (nol an FE-program). Sitalieficaliy deler- 

manele próbiema & continuous beens 
SIMPLE OR MULTIPLE SHRINK-FITS. Shrinkage pressura. 
Siembes, tontiona holding abdity eic. 
HERTZ. Pressure between bodies 
MICROMIN* — Software 
Den Sower, PO, Box 344. Marndord, OK 74044 


Pacorded Mazssge [DOO) 396.2077, ad $770 
Inquiry 643. 


SIMULATION WITH GPSS/PC™ 


GPSS/PC* ia an IBM personal computer implementa- | 
thon of the popular Lene heben simulation language 
GPSS. Graphics, animation and an extremely interac- 


MINUTEMAN Software 


PO Box 17VY. Stow, Massachusets. L S A 
617) 697-5662 ext. 540 (800) 223-1430 ext. 540 


Inquiry 644. 


Circuit Analysis — SPICE 
Nominas DC & Transient; Linear AC. 
è Version 381 with BSIM, GaAs, JFET, 
MOSFET, BJT. diode, etc. models, screen 
graphics, improved spead and convergence. 


s PC Version 2G6 available at $95. 
Cah, write, of check inquiry f for more info. 


Northern Valley Software 
2827 HeanrOCk Dr., Rancho Palos VIO. CA 90474 


(213) 541-3677 
Inquiry 645. 


HIGH PERFORMANCE & LOW COST 
Practical engineering analysis softwara 
for IBM PC & compatibles. 
Faatures/Capabilities: 
Linaar/Nonlinear malic & dynamic analysis for 3D 
Structures. s interactive and pre- & post-processing 
* interactive graphics * 
* Easy to use * 
| Peas Engineering G Consultants Inc. 


PO Box 84-121 


Inquiry 646. 


FREE ENGINEERING MAGAZINE 
Personal Engineering m a monthly magazine sent 
tree of charga (USA onty) to scientist&/engineers 
who use PCs for technical applications. Topica 
each month include Instrumentation « Data | 
Aca/Control + Design Automation. To mceive à 
irea sample issue and qualification Korm either ci- | 
cle below o send request on letterhead to: 
Personal Engineering Communications | 
Bax 1821, Brockling, MA 02146 | 


Inquiry 847. 


HI-RES GRAPHS & STATS 

Join scientific, educational, research & enginoenng 
instilutions across the country analyzing dala pro: 
vided by user-Inandly packages 
ENGINEERING TOOL KIT P STATS TOOL KIT 
PROCESS CONTROL CHART TOOL KIT 
BIOMEDICAL RESEARCH CHART TOOL KIT 

iB Macintosh $99-$129 sa. 

SOF-WARE TOOLS 

P.O. 8OX 8751, BOISE, IDAHO 83707 
08) 343-1437 


Inquiry 648, 


CIRCUIT ANALYSIS FOR WORKSTATIONS 
ECA-2, sn advanced analog circu simulator, now 
lor Apollo workstatons, inchides: 

* AC, OC, Transient, Fourier analysis 
» Worst Case, Monte-Carlo, nonlinear simulation 
a Larger circuits, faster simulations than SPICE 
ECA-2 Apoo $3,000. Apollo Eval Kit £380. 
ECA:2 |BM PCIXT/AT $675. PC Eval Ki $95. 
Call 313-663-8610 for DEMO. 


Tatum Labs, Inc. 
1478 Mark Twain Ct. Ann Arbor, MI 48108 


iratis 649. 


WOULD YOU LIKE TO KNOW? 


Your 1.0.7 Memory Level? Response Time? 

Coordination? Visual Perception? | 

Expand your mind with MENTOR —software that iets | 
ex: 


Heuristic Research, inc. 
3112-4 Wast Cuthbert Avo., Mediand, TX 79701 
500-443-7380 (In TX, codaect 815-594-5838) 


SSi, 
peor. over 60 programs [n catalog. Macintesh 


RockWare, Inc. 
7165 W. 30th Ave.. Denver, CO 80215 USA 
(303) 238-8113 


Inquiry 651. 
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SOFTWARE/GRAPHICS 


PC TECHNICAL GRAPHICS 
TEKMAR is a graphics library for tha EGA of Tecmar 
Graphics Master. Simbar to PLOT-10, inctudes WIN- 
DOW, VIEWPORT, AXIS. Support for HP, HI plortara. 
Curve fitting. complete plotting program. Log. senitiog, 
multi-Axis, 3-0, contours. Jerry Pournelle ae B6 Fees 
"As good $4 any | have ever saen.’ 


literature available. 
Advanced Systems Consultants 
21115 Devonahira Si. #329, Chatsworth, CA 8131 f 


(818) 407-1059 
Inquiry 652. 


POPULAR HGRAPH™ 
SCIENTIFIC 20 & 3D graptuc routmes tor (8M PC and 
VAM Powoerlui, easy Io use AN rem 
mache ndependence Uses mas resoiution. Linky 
FORTRAN Pascal, Turbo Pascal, Logtech Moda 2 
179.00 Custom softwarg development 

Graphics editor available soon. 
HeariLand Software, Inc. 
234 S, Franidin, Ames, IÀ 59010 
(515) 292-8216 


Inquiry 653. 


FPLOT PEN PLOTTER EMULATOR 


HORIZON SOFTWARE 
Butte 805, 24-18 Steinway St, Astoria, NY 11103 
212-418-8469 


Inquiry 654. 


GRAPHICS PRINTER SUPPORT 
AT LAST! Use the PriSc key ro make qualify scaled 
BAM ar eolor reproductions of your display on any 
dot matis. ql, or laser printer GRAFPLUS sup- 
| ports al! versons of PC or MS DOS with (BM (inci 
EGA. VGA} Taamar, and Hercues graphics boards 
$49.95. 
Jewell Technologies, Inc. 
4740 44h Ave, SW, Soaitio, WA 98116 


800-628-2828 x 527(206) 937-1081 
Inquiry 655. 


FORTRAN PROGRAMMER? 
Now you can cal zn and 3-0 aE aati routine 
within A FOATAAN program 
a MATIC: ?& Sallania roules Tor 

po output. 8133, 

PLOTMATIG: Pan plotter driver. £138. 

bc E i XT, AT and . We sup- 
of compilers, geaphica Doards and 
Gintera 


ORATE 
301 Pretude Orive, 
Silver Spring, MO H^ 


Inquiry 656. 


CGA —Herculas" Graphics 
Mode-HGA™ akoes you to ute Duismess graphics, games, 
BÁSICA graphics and other CGA spsctfic software with your 
Hercules" Monochrome üraphecs miano and monochroma | 
monitor Works with s8 CGA programs. $79.98 (+ $5 34h} 


for (he 34-TSA version. 3-day maney back guarantee. Call 


or write 


T.B.S.P. Inc. 
2265. Weetenod Hive. Suto TEJ, Low Angeles, CA POCE 
(213) 212-0154 


Inquiry 657. 
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J. SOFTWARE/LANGUAGES | 


SERIES 32000 MODULA-2 COMPILER 
haioni Samcondacter a $0000 ; 


ALOIS SCHONBACHLER ` 
: 41. 1-241 Pr + 


Inquiry 658. 


THE PL/M CONNECTION 
a Your link to ihe IGM PC Irom PLUM 88 
bbe rnms—creqia Fw 


Larg compact memory modules 
= 200 page Technical Asterence Manuel 
s Complies source in PLM BB and Assembler 
= Demonstrapon utilities with source 
CompuFirm Corporation 
7941 Balboa Ave., Sie 210, San Diego, CA 
(6819) 671-0228 


Inquiry 659. 


DRAUMA FORTH-83 
Strict "83 STANDARD. Developed lor in house use. 
Na GAK limitation. 64K speed & compactness to 320K. 

» (OM PC/XT/AT e m dme DOS 2.0* 

* FIOM: Headerless code, separaled variables 

. 7 ERS assembler, file & DOS interfaces 
Many powerful and innovalive features 

B - Full Pra $79. Demo $10. S&H 82. VISAMC 


DRUMA FORTH-83, DRUMA INC. 
P.O. Box 610097. Austin, TX 78761 
Orders: 512-223-0403 — BBoerd: 512-323-2402 


Inquiry 680. 


Prospero Software ol London, England is now 
in the US. to serve your programming needs Toine | 
Induce our products, we have an Introductory offer for 
Ihe toBowing products 

Pro-Fonran-?? $200, oo special $198.00 
Pro Pascal reg. 1590.00 epecial $199.00 
Both m are AT and Internationally validated 
for MS-DOS mach 

To order: call 1-400-517-4730 aa e or mail your 
check lor $199.00 plus $5.00 shippi 


Prospero Software, mine: 
100 Carmara St. Suda 306, Portand. ME ouo 


Inquiry 661. 


MULTHUSER DEVELOPMENT PLATFORM 


Gam the 80386 for your applications win THEOS C, 
an advenced complier tof the new THEOS 386 Die 


For compie multi-b,er solutions. call us today 
THEOS Software Gorp. 
1777 Botheing Dr, Sata 360, Wanu Creek 65508 


(415) 225-118 FAX (415) 935-0177 


Inquiry 682. 


SOFTWARE/LASER FONTS 


LaserJet Fonts 
FASTIont downloads 10 times faster — EASY! MS-DOS 
eee Ey del Download im- 
soltionts work. FASTO = 


igiely or in groups. 
$79. Also BlGlort — quida sized from 10 pts. to 158 
pts. (2 Inches ain: 


commands. $158. 30 day $$ back. 
Worthin ington Data Solutions 


417 | s St, Sarda Cruz, CA $5060 


(800) 345-4220 In CA: (408) 458-9938 
Sau ogr ad on page 42 


SOFTWARE/LOANS 


Execamort™ Amortizer + 


complete —gread Tor | 
BankwCP AsCUSNFinance/Lega/RH EJSALa $149.95 + $4 00 
Asp. VaaMC/AmEs 80 day MBG 


Electrosonics 
36380 Garad #1 Frase MI 48026 
900/858-8448, 313/791-0770. 


Inquiry 663. 
J SOFTWARE/MAPS 


PC MAPPING SOFTWARE 


aoftware can: 
* Diaplay color mapa fram 82 9 io 5,000 mitsa acrea Hw porter 
n 


teuntane: 
1 Cost oniy $750. Maps also reenable 


Mapinfo Corp. 
200 Broadway, Troy, N 12180 
1-500-FASTEM AP in Naw York, (518) 274-8873 


Inquiry 664. 


SOFTWARE/MATHEMATICS 


What? You've never seen 
a complex function? 


| Try f(z) - The Complex Variables Graphing 
Package for PC's wih CGA/EGA 


"Let our animated screans show you what 
the printed page cannot." 


Lascaux Graphics 
(212) 654-7429 


TY 665. 
SOFTWARE MUSIC 


MUSIC SOFTWARE CATALOG! 
Just published! Our new Musiclan'a Music Software 
Catalog and i's better ihan ever! Over 80 pages of | 
detailed infermanon on the leading MIDI sottware pro- 


updates. 
Digital Arts & Technologies 


Dept 8T!. PO Gon 11. Miori CT O04650 
203-874-9080 


PAINTER GENIUS 


Perwerul memory cedent pnnter m = Corr 
rol printer features [rom menus of within documenta 
— Prin spool to disk files — print — 

A file browse — Edf amall text — Aedirect output 
— User Inendly pop-up screens — 92 
Preset for all printers — 
DOS — 569 + H SH — 

Nor Software inc. 
&27 3r Ave Sida 150. New York, NY 10018 
(212) 212-9118 


Inquiry 887. 
SOFTWARE/SCIENTIFIC 


Data Acquisition & Analysis on PC's 
& FOUFIER PERSPECTIVE I a rwy Da vont 
w PRIME FACTOR FFT maroana loy burs Tisto 


Alligator Technologies — (714) 850-9984 
O PO- Box 11386 Costa Masa. CA 92627 


SOFTWARE/SCIENTIFIC 


NONLINEAR DYNAMICS 
Toots for Studying Mathematical and Experimenta Systems 
* Ordieary and Caley Ostterortat Equason Soven * S@urcaon 
poe Z- and 3-D Plothng. Sequential Magrrkcason 
Poincare Secborw " Naot Mavarum, | D & Cire Mace 
"Papa Partie vun. Miley nli Candi Spectral 
Anayess Fractal Danermoos. Lyapunov Exponenta 
DS. $250.00 ÒS. £350 00 


DYNAMICAL SYSTEMS, INC. 
P.O. Bax 35241, Tucson, AZ 85740, 602-781-7896 


Inquiry 669. 


ORDINARY/PARTIAL 
DIFFERENTIAL EQN 
SOLVER 
FOR THE IBM PC & COMPATIBLES 


MICROCOMPATIBLES INC. 
401 Prelude Dr.. Silver Spring, MO 20901 


(301) 593-0683 
Inquiry 670. 


SCI-GRAF and SCI-DATA — 


or intable Cines Suppor 
or unkabie C hbranes Er Er MM 
streen and printer oul 


i 
SCLOATA potomne me raras crc 3 
Prices start at $59.95. 
Microcomputer Systems Consultants 
Bon 747, Santas Barbara. CA 93102 
(805) 863-3412 


Inquiry 671. 


CONVERT UNITS 
Memory resident Quikinfo" for IBM converts 
engineering units quickly, easily. Pops up from 
any program. Numbers can be imported/ex- 
ported to applications. Includes tables of 
physical constants. User may customize 
| unit&tables. $49 + $3 ah. 
Piles Development, 
2110 Crysial Hila. Houston. TX 
(713) 493-3879 


Inquiry 672. 


Bcientilic/Engineering/Graphics Libraries 

Turbo & Lightapeed Pascal, Modula-2, C 
| Sand for FREE catalogue o! software loots tor Scam- 
lists and Engineers. Includes: Scientific subroutine 
Horaries, device independent graphics libraries (in- 
| chiding EGA, HP amiga and Laserjet support), soen- 
| ure charting libraries, 3-D ploning library, data acquisi- 
| mon Mares, menu-drivan process control software 
Versions available for a variety of popular languages. 

Quinn-Curtis 
49 Highiand Ave., Hesdhem, MA 02184 


Duy 673. 
SOFTWARE/SORT 


OPT-TECH SORT/MERGE 
Extremely last Sor/Merga/Select utiiy Run as ge 
MS-DOS command or CALL as a subroutine. Supr 
ports most languages and tletypes including Breve 


and dBASE. Unarmited hleazes, mulipie keys and 
much more! MS-DOS $149. XENIX $249. 


(702) 588-3737 


Opt-Tech Data Processing 
P.O. Box 678 - Zephyr Cove, NV #9648 


Inquiry 674. 


THE BUYER’S MART 


_SOFTWARE/SPORTS  — 


VARSITY BATTING STATS 
VARSTATS Softbal/Basoball batting statistics pro- 
gram is a vary convenient coaches 
data entry from book in 5 mins. Track teams up 
to 18 players x 68 games. Easy io use. VARSTATS 


by many 
$. Jr's, & compatibles (DOS 2.10+, 256K}. 
$23.85 ppd by ck only. 
JWM Software Associates 


2:24 Dond Ave Palo Ato, CA IIG 


TAX PAK 
FR S Frms 1040, 1040A, 2106, 2119, 
4562, 4584, 4707, 4972. 6251, 6252, 
pant for IBM PC CPM 
eine pud 


“Candelaria Works, 
Ür. Atlanta, G 
ee eae 


TaxEase" System 

Federal & State returns on single disk—only $00.66. 
Easy to uso. Calculates automatically, performs cam 
plex "What if" options, prints IRBS-approved forms. AZ. 
CA. CO. DC, GA, IL, IN. MA. MD, MI, MN, MO, NC. 
MJ, NY, OH, OK, PA, VÀ, WI. Requires Lotus 1-2-3 or 
comp. spreadsheet VI&AMC &3 s cho. Money back 
Re a Aten ae 


Park Technolo gies, Inc 
PO Bor 1417 filon Park NY 12065 
518/077-3881 or 800/423-3189 autaia M'Y 


Inquiry 677. 
SOFTWARE/TOOLS 


DISK CACHE 


Acceletme XT oc AT PERFORMANCE with FLASHBACK 
Diak Cache FLASHBACK automalically retains recenthy ac 
Omupd disk deis and neighboring data in marmmory for im 
mediate access. Programs are insanity reteved and run 
up to 10 timeas faster! 819.86 + S UH, 60 day € back 
CheciM Orvisw MC. 


aep designs, inc. 
14810 N Moth SI. Phoen. AZ 85922 
(802) 863-2861 


Inquiry 678. 


SCREEN MANAGER 


MENU, WINDOW, and DATA ENTRY Support for 
the Professional or interfaces to most 


A BASIC, C, FORTRAN, COBOL, 
ASSEMBLER, tee Manual. Thir- 
day uarantee 
| ty money A aud. 
The West Chester Gro 


PO Box 1304, Wen Chester, hy tl 


(215) 544-4206 
CALL FON FREE DEMO 


inquiry 679. 


STATISTICS 
STATA 
Statistice and graphics E to make STATA the 
powertul package for the PC. No comparable 


mae 
pran is as feet, friendly, and accurale. $20 


discount available. Call toli-free for 
mom reri MOD. AX/VIBA/MC. 
a -800-STATAPC 


mputing Resource Center 
Er ations Boulevard. Los Angeles, CA 90064 
(113) 4704341 


Inquiry 680. i 


STATISTICS | 


DISK & TAPE CONVERSIONS 
AUTOMATICALLY 
SAVE TIME AND MONEY 
Creer 1000 formate from Mini, Micro Mainframe, Word Pro- 
cessors, & Typesotiors 
TAPE Conversions es low as $2300 MB 
DISK Conversions as low as $25.00 per Disk 
Call or erie TODAY for a cost saving quotation 
CREATIVE DATA SERVICES 
1210 W Latimer Ave, Campbell, CA 05008 
408) 865-5080 


inquiry 681. 


NUMBER CRUNCHER STAT SYS 
Ménu-dnven Muffiple & stepwise regression, 
ANOVA, lima senes, discriminant cluster and factor 
analysis, pnnopal components, scatier plots, 
hislograms, tests, contingency tables. non- 
parnrwtncs. Import expon dara Spreadsheet Born. 
jain, mange $89 MS-DOS Graphics program, $59. 
NCSS-B 
865 kas 400 North, Kaysville, UT 84097 
801-546-0445 


Inquiry 682. 


STATISTIX" li 
| Comprehensive, powerful and incredibly easy-to- 
use. Full screen editor, transiormations, tinear | 
modes (ANOVA, regression, logit, PCA, etc), 
| ARIMA, most standard sial procedures. Clear, well 
| organized documentation. Satisfaction | 
| guaranteed. $169 PC DOS, $99 Apple II. | 
NH ANALYTICAL SOFTWARE 
PO Box 13204, Roseville, MN 55113 
612) 031-2652 


Inquiry 683. 


RATS! Version 2.1 


Bas seing 

5 OLS, 25.5 

Mode! smulabona Suppor lor daity^woekly data High 
| quality yore F ip e coe m plotter, ponte: $200—K300. 


VAR eC Wry Inc. 
P.O, Box 1818, Evanston, IL 60204-1818 
| (312) 864-8772; (800) 822-8038 


Inquiry 684. 


StatPac Gold" 
Voted Word's Best Stabisboa! & Forecasting Package 
in 1887 by PC Word Magazine readers Sux times 
Mee votes han Ihe ned closest competitor More 
comprehensive & egoiei lo use [han a other Got 
the facts. Cas now for your FREE brochure 
1-800-328-4907 
Walonick Associates, Inc. 
6500 Nicollet Ave. 5., Minneapolis.. MN 55423 
(612) 866-9022 


Inquiry 685. 


ADVERTISE YOUR 
COMPUTER PRODUCTS HERE 


for as little as S378 in 
THE BUYER'S MART 


For more information call 
Mark Stone at BYTE 


803-924-3754 


Inquiry 686. 2 
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J UTILITIES 


WORD PROCESSING 


| TAXES—RECEIPTS SUMMARIES 
Enter business or personal tax receipts = Get 
lislings/summaries/archieed lies èe Enter your own 
ee Io 40) * Enter your own &ccount 
names for deduction sat (up to 9] + Create Tax Peceipi 


fles, Updated any existing file, Archive fies ro fop- 
py, List & Summarize data by account/data/deduction, 
jexpdale, amount, datepd). MS/DOS ISM or compati- 
bis. Call ov write; (805) 885-4815 
J. MeCollum Inc. 
SAIO Sambega Wey, Carwe, CA 93035 


Inquiry 687. 


UTILITIES - 


PERSONAL POP-UP 
Create and access your own mermory-reaident 
reference and heip files with the KeyNotes® Reference 
System. Open the KeyNotes “window” and return io 
ihe primary &pplication with aingle keyatrokes. Com- 


patible with all popular programs, For IBM PC and com | 


S. .$99.95 + $5.00 shipping To order, call or 
writ: 
Digital Learning Systems 
4 Century Or. Parsippany, NJ) 07084 
800-992-0284 (in NJ 201-838-4640) 


Inquiry 688. 


| PEP Your Data to MS-DOS! 

PEP {Primer Emulation Package ) tà a unique soft- 
ware product which makes your MS-DOS system ap- 
pear to be an intelligent serial printer. Converting your 
data ion iu m ud s een aa prin- 
ting 4! Diskette plus 90 page typeset manual, $64 95 
U.S (Nol copy protected} Specity 5% or 9% Inch 
diskette size; add $5 for poth formats. 


Intelpro 
*3 Sa moge Dr, Keukland, Quebec, Canada HIH 319 


rin est tot Gnd eroe SODSCMBOn 
t Pice $59 05 A 32 SEH Cato res madora acc 0444 
Cra | 


MATCH SOFTWARE 


8428 Caktwaler Canyon, Horth Hollpeood, CA 91606-1112 | 


Toll free # 1 (800) FLOPPYO 
Inquiry 690. 


MICROBRIDGE COMPUTERS 
655 Skyway, San Carlos, CA 94070 
Order toll free 1-800-522-8777 
415-593-8777 (CA) 212-334-1856 s Y) 
TELEX EZLNK 62873089 Dealer inquiries 


Inquiry 691. 


Recover deleted files faat! 
Uisk Exploter now inciudes automatic fie r You 


QUAD ur ate ae MENTED 


Tidi Onan, Sant AK 152 
(418) 961-8243 


HANDS OFF THE PROGRAM* 
Locks Herd Diak — - Flgetrícte Floppy Use. 


- Normal Use o! O05 Commands and Apckcabon Software. 
' IBM FC, XT, AT and True Compatibles 

- DOS V2 0 and Higher. Hard Disk Sysiem. 

- Keep Other People's HANDS OFF Your System 

- $284.85 


SYSTEM CONSULTING, INC. 
314 Canterbury Dr., Pittsburgh, PA 15238 


(412) 963-1624 
Inquiry 692, 


| $59.951! 
idees RED Utilities now! Programs include: 
Disk cache to speed hard disk. Printer spooler. 
Batch file compiler. Path command for data 
files. Wild card exceptions. Protect hard disk 
from accidental formatting. Sort directories. 
Over 10 mora programs. BM PC. Visa/MC. 
The Wenham Software Com 


5 Buriey SL, Wenham, MA. 01884 (617) 774-7036 


Inquiry 693. 


HEBREW / GREEK / ARABIC 
Russian and European Languages. Full 
featured, mulli-language word processor sup- 
ports on-screen forei Mange pai 
ware modifications. br matrix) or $500 

| (laser) + $5 sh. Or send $15 + $4 sh tor 
| dema. Req 512K/graphics 


Gamma Productlons, inc. 
710 Witahira Bled., Suite 609, Sania Monica CA BOAO! 
213) 394-8622 


Inquiry 694. 


CompareRite™ 
Compareflire saves editing lima by comparing two 
documents and generaling a third that shows the dt- 
ferences in an average of two seconds per page. Com- 
pareRite highlights changes the way you want to ase 
them. Works with all major word processing programs 

Pnce — $129.85 + shippingmandiling 

JURISoft, Inc. 

763 Maseachuentts Ave , Dept 1103. Cambridge, MA 02130 


1-800-252-5856 ext. 1101 
Inquiry 695. 


DuangJan 1.3 
Bilingual word processor for English and one ol 
| these: Armenian, Bengali, Euro/Latin, Greek, Hin- 
di, Khmer, Lao, Russian, Tamit, Telegu, Thai, Viet, 
.,0f Greale your own language with tont editor 
$69 + $4 am | + $10 lor) Laserjet + $49. Demo $5 
IBM compatibles. 


MegaChom Company 


3525 Cotta Averum L PA Igt4g 
(215) 331-2748/8138 


Inquiry 696. 


PC-Write" Shareware Ver. 2.71 
Fast, tuil "pm word processorc^ext editor for 
IBM PC. Wi ith sped check, screen clip, DENM, 
epa, ASCII files, macros. Easy to e 

400 printers - LaserJet+ and PostSc 
kware, User Guide, and Tutorial on 2 disks p 
$16. Try It, then register with us for only $89 and 
gel User Manuni, 1 year tele-auppor, newsletter 
| &nd 2 upgrades. 90-day guarantee. VISA/MC. 
Quicksaft:-800-888-BO0BB CALL TODAY! 
219 First HN., #224-BYTC, Seattio, WA 98109 


Inquiry 697. 


Subscription Problems? 


We want to help! 


If you have a problem with your BYTE subscription, write 

us with the details. We'll do our best to se? it right. But we 

must have the name, address, and zip of the subscription 
(new and old address, if it's a change of address). If the 
problem involves a payment, be sure to include copies 

of the credit! card statement, or front and back oí 
cancelled checks. Include a "business hours" phone 
number il possible. 


BYTE 


Subscriber Service, P.O. Box 7643, Teaneck, NI 07666-9866 
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NEC Mutbsync XL — 24S Pasia .. 495 
oma Las Hr — 1899 — Zen 1490 i9 
tiam Page — [798 aanta — 1499 


+ 


ompuSave 


. Call Toll Free: 1-800-624-8949 


COMPUTERS 
NECMuMispeed — 1299 ASTMoéelSO — SAVE 


AT! EGA Wonder TS OATIMEP. ?53 NEE Mullispeed EL. 1565 — ASTModel X) — SAVE 
AST Rampage XT 199 VMI TUM —— 2375 NEC Mullispeed HD . 2425 — ASTMadel 120 — SINE 
AST Rampage 266 — 299 BOCARAMAT — 145 Sharp 4502 1209 ASTModel 4) — SWE 
. $9 MECGB- ?üà Sharp PCPA 1295 ASTIM VE 

Gesta EGA Plus 42 NEC MMA 02 M9 Sharp PC-7100) "sS | ALT 6386 SAE 
hetas Tiny Turbo — 285 — Paradise Aulo 139 Tosa si ZU — Tota 1000 785 
Paradise WGA Pro — 359 Paradise 4000149 Toshiba 1100 - 1424 bhta INS 
lite J-lases Al — 47$ Peradse VGA ^— 246 Toshiba 1200 MS euh 7.18) 1825 
Wee J-RAM AT3.— 715  QuadramHPG — SE Tosmoba 5100 DOS eh 7-183 2064 
Video? Wega VGA ZS Mega Dele 195 Acer BALAR 15MH T Warl 40M Drive 3065 
ADC Akoy BNW Everex Number 9 Orchid CALL Packard Bes 286 12 MHz 640K 1 2M Ür 1498 
Hercules STE Tseng Verhees Ire! CALL Sperry [T 1M 44M Drive Keyboard 7785 
MONITORS Felended 386 16 MHZ CM. 1 2M Drv us 

Samsong TTL 85 Amde dinà t3 Wyse 286 10 MHz 640K 1 2M Cree 1339 
Mitsubishi 171A — 479 Amdeh i280 658 Wyse TISA: B MHLSTEK 1 2M Drive ne 
Mitsubisty 9919 — 2595 Thomson 4A — MU Acer 80386. 16 MHz Wall 2M Onve 2599 
NEC Miptisyne t $8 Tam 519 Wyse 2214. 12 5 MH10 Wal 1.2M Dre 1945 
NEC Mutor + B9 POSLHODUO n Wrse 386: 16 MHI 1T 28 Dee core 


Altos ITT kisusti Samsung Tandon 
TERMINALS 


Link MC I 325 Adds 1010 299 

MEC Musymc GS = 182 ase 700 $78 Mos V "ue US 
SCANNERS Link 125 J59 Wyse 5 35? 

Galacopy Mode 730 1145 MmumnKNPG —339 Wm An 
PGS 13-300 With OCR Software 4 Adapter 479 Tienen STS . — 209 Whe BSG ig 
Panasonc EX-RS 505 379 Televideo 355 WAT OLR 
AST Hewitt- Pacaya Taxantiners SWE Ampex tamine Liberty BM Qurne CALL 


Before you spend less (or more) than 39¢ on a diskette, read this... 


Everyone loves a bargain, and a 26€ 5.25 DSOD disketle sure looks 
like a good one But after five years in the husiness of selling disks, 
we know that it isnt. 


All diskettes are not created equal 
U $ Diskette manulacturers test ther diskettes to assure they meet 
certain quality specifications Three types of disks emerge from this 
process’ those that are unusable, those thal meet “ANS” standards 
(40% or more of the disk i$ usable). and those that are "high-chip" 
(65% or more of the disk 1s usabie.) Only the latter disks become 
brand name disks And only the latter type of disk can become a 
Super Star'" disk 


No gimmicks, no hidden charges, and 
no insuli to your intelligence 

Super Star diskettes come with a lifetime quarantee and packed in 
polybags, with Tyvec " (nol paper) sleeves, wrrte-protect tabs. and 
user-(D labels We don't think these are "luxuries" and we don't 
charge more for them We don't tack on a “smail order" surcharge or 
the like We don't add a surcharge if you pay with a credit card. The 
price i5 ihe price we advertise whether you order 5D disks or 500 
And our shipping charges are approximately our shipping costs. We 
proli by selling lots of disks nol by Shipping lots of disks It's those 
cute little extra charges that can turn a 266 ANSI disk into a 366 ANSI 
disk before you can say “lve been had ~ 


We helieve in service, nol lip service 
Over 90 percent of our business comes from referred or reordering 
customers. That says a lot about our disks and our service Gur 
order takers are trained jo know whether we stock the disks lor your 
computer. They have cucrent intormatian on what ts and isn't in 
stock. When an item is avaiable, it ships within 48 hours, barring 
snowstorms, hurricanes or plagues When something Is not 
available, we tell you when you can realistically expect it, We don't 


Circle 82 on Reader Service Card 


Kurta 1S 12 17 $75 Sepie 


Prometheus 23006 — 159 Hayes 2400 ais 


Circle 59 on Reader Service Card 


PLOTTERS PRINTERS 


Gaicomp WHI GTE 4455 Erme SPOOU 4 Cize 1200 138. Aps 224 
Caicome l043GT M5 Ine 1700 w Cien MSPA( 2 Aps 174 
Calcomp WGT — 7545 oine 4000 Anm Citizen MSPIS . 429 — NEL POSU 
Houston 4142. ,, — 2098 hom INE CtuenPremer35 — 4585 NEC CP BGO 
Houston DMP 52 — ZF95  Heusine 61 95 Deon DI — , 295 NEC P60 
Hasen DMP MP DES Hooton EZ us Citusn 180 D 150  MECCPTÓD 
Rotane $80 IMS Emer SPS Goda 333 999 NEC POXL 
Fipan 1300 AWS Aotand Had 7 Panaspmee (ROM? 169  NECPSXI 
Numbrscs Taxon Versaiee Daer Models CALL Panssae JOgtM? — 189 «(NEC P2200 
DIGITIZERS Panasonic 1524 549 Toshiba 22151 
Camp 17-24 — 3045 Cakompi?- 2 J89 Panasonic i595 . — 482 Toshiba HISL 
Cacomp44 50 — 4795 (GICO28»36 — 2098 Star NX KO 178 — lashiba 351 5X 
Kuti$85x1! — 259 GIOO36: 48 HS Data South Moh Fugts TD Data Pro 1) 
Kugi$itx 12 — 3$ hitami ass Butters Sheet Feeders Swacnes Tractors 


3 


Caremo- Ja — 4$ Summa ix 24 359 AST lubo S — , 3045 AST Tubal 
Munomcs20. 70 $285 Summajlxi!8 — 620 HP Lasar Jel l! {719 Cangn 8-1! 
Ow Laserhne 6 WAS «NEC 390 
MODEMS 
Multec 2246 — 33 aae a G Paa — 24$ Panasonic 445) 
Multech 22480 3% AST 9600 m | eee 2505 de 
Packard Bett 1200 $9 AST 74008 2a DISK DRIVES 
Anchor 2400 E 145 Hayes 1200 m Miniszribe 6053 $85 Bernoulli 
Prometheus 240082 125 Hayes 12008 255 Minis obe 30M Card COC (30M 


a9 
Minisenbe 6085 ma PusCad 20M 
Seagate 20M Kit 27S) Pius Cart 40M 
2n 


Racal-Yoda 2400 VP 395 MagentPockel — 158 | 

USA Come 2400 — 122 — MovauonPanoó — 83 Seagate 30M Kil Seagate 4M 
USA Couner 2400€ 365 USRHSTORIQ — 665 lasheba 3 5" Kit 109 Sasgre 4 
Yer-Tel 2400 MNP — 462  Ven-le 18000 W9 AST Alloy Evera Maynard Motor 
vale Case Everex LOS Zoom CALL Mountain Pram Takgrass Teac eomar 


HOURS: MON-FRI 7AM-GPM SAT SAM-2PM 
IN ARIZONA CALL (602) 437-4855 


keep our customers by making empty promises. Mast important af 
all, aur order takers are trained to say things like "thank you ” 

We know some people are motivated to Duy based purely on price 
After all, if you're in the market for a really cheap diskette, that's what 
you ll get. But if you re data is worth more than the price of the disk, 
give us a Iry. With our quality, our lifetime guarantee, and our prices, 
we re Ihe best value going 


Super Star 5.25 SSDD  .39 ea 
Super Star 5.25 DSDDO  .39 ea 
super Siar 5.25 3S96TPIL.— .51 ea 
Super Star 5.25 DS96TP| .59 ea 
Super Star 5.25 Hi Density for AT 1.09 ea 


Super Siar 3.5 SSOD 1.15 ea 
Super Star 3.5 DSDD 1.19 ea 
Super Star 3.5 Hi Dens 4.69 ea 


1-800-255-5874 
8 a.m. to 5 p.m. CST 
(In illinois, call 312-492-5050) 


Call for printer ribbons, disketes, disk cases 
and other computer cp 

Order intoórmahon Minimum purchase is $25.00 Super Star 
diskettes Sold in quantities of 50 Shipping charges: $3.00 per 
100 dis::ettes or fraction. We accept Visa and MasterCard COD 
orders accepted with a $5.00 charge. Open accounts (Net 15) 
avatlable to qualifying public and private organizations. 
International inquiries welcome. 


Disk World, Inc. 
2200 West Greenleaf Street, Evanston, Ulinors 66202 


LOW PRICES FOR LASER PRINTERS 


SFSRRHARESSHAR 


CompuSave 4207 $. 37th $i., Phoeniz, AZ 85040 Prices Aellect Cash Discounts And Are 
Subject To Change Without Notice. Major Credit Cards And Selected PO's Are Accepted. We 
Cannot Guarantee Compatibility. CompuSave Is A Division OI Adlanko Corporation. 
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cT Mai der Electronics 
ameco Mail-Order 


OHDER HOTLINE ALL. OTHEH INQUIRIES 
| ELECTRONICS | 


415-592-BO97 ^ 415-592-8121 


M-PXC aed 
NE, E UE ^ 


7.49 
108-5 (Satz) V20 Chin... .. $ 
UPD70108-8 (BMHz) V20 Chip. .... $ 8.95 


bo 
The MMS 421 m p TY ote sprit geri — 
tupay fhe Dec Gym lunchona dor edic color x — 
Aneta 25; ure GORI quercu amf camera adeo recprde 


4 $11.95 
n 21 95 MMS321N............ $11.95 
UPD70116-8. (8MMa) yoo che. E1198 125% INTERSIL Also Available _ 
LPO 7Ot 2... $24.95 4 7 2h Wi- Slee Cw 
UPD70116-10 (10MMz) V30 Chip... . $24.9 ZM-DART oo SS 24: iH = 
Bimi ee -— — ES pix "m 1,68 Pring IE Ma 
i ©, t 8 , ACTE. 1.79 rine real Laco O A 
Mo. ta 10+ 1 7 ee | 7 t . 49 DD 
mpe n | EA i St alee! ee 
um ^m sim B ZASEGA . — 87b PNGA .. $9 19] sangran |. So Gd 
— = whee’. Eu | agg | 5SO85A 2. ..... 249 ane.) 39 a| paces. le» T8 
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SCOUNTS 
* CALL FOR QUANTITY DI 

OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! * CA 

PARTIAL LISTING * 
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X CQ. orm l—— ia c 
h 


b 
1 
linear i 
- 


E ———— 
Breadboard Sockets 


JE20 200 Ü $ 2.29 
JE21  3wx2*4 400 Q $ A49 
JE22 64% x t B30 Q § 5.95 
JEZ23 Gx 2% a30 Ü $ 7.49 
JE24 fa x34 1,360 2 ) $14.95 
JE25 ^ x4w 1.660 3 $22.95 
JE26 64 x5* 2 380 4 $2795 
JE27 uxt 3.220 4 $37.35 

Jameco's 
IBM PC/XT/AT 

Compatible 
Motherboards 
> Awerd 

BIOS ROMs 
JE1000 477MHz(PC/XTV. aa $ 84.95 
JE1001 477/84uz (pC/X1) .... $ 99.95 


JE1002 47r7^10MHr (PC/XT) ... $119.95 
JE1007 6/6/10/12MHr (4) .... $349.95 


Jameco 


Computer / 
Power a 
Protection sess. 

JE1190 
JE1181 


JE11982 
JE1193 


200 Wirt Hach-Un. . 
500 Witt BackUp. ... $349.95 


Zuckerboard 
TANDY 1000 


fur mirho of your 


TES512 
TANC — Clock option chk (only . 


SD Meg Hard Drive Board for 1000, 


Boer 
TOOOA, 10008 X. 1200. 3000 end 3000HL 


TAASOS, .......Lu... $11.05 


Tonn Lngd rin [68° an, 50 cm! 
p. | NEMPE $11.95 


E(G&G Aaron (3 125" square, 34 min 


US. Funds Only - 


JE1052 
JE1055 
JE1071 


JE1060 
JE1061 


JE1065 
JE1078 


JET040 
JE1041 
JEtO43 


JE1045 


Shipping: Add 5% plus $1.50 Insurance 


(May vary mccordirg t» weigh) 


California Residents: 
Add 6%, 642% or 7% 
Sales Tax 
FAX 415-592-2503 

3/88 


1355 SHOREWAY RD., BELMONT, CA 94002 - FOR ORDERS ONLY 415-592-8097 * ALL OTHER INQUIRIES 415-592-8121 


[3X onRemler5srvire Cani 


MasterCard 


^ 
E 


ks P^. 


12° Amber Monochrome — 
TTL Input, High Rasotution (PCAXT/AT) 


14" RGB Color — cG4 Compalible 
Amber/Green/Color Swichable, 640 x 
200 Resolution (PC/AXT/AT) 


TTX1410....... ... $279.95 


14" EGA Color - EGAGA Compat., 720 x 350 (max) resolumioa (PC/XT/AT) 
Ce Te a a $398.95 


14" D— Color — CGA/EGI/PGC/VGA Compalioe, 800 x 560 «max ) 
Resotulion (PC/XT/AT) 


TE5154. . 


! Now Available...Jameco's NEW Winter! Spring Flyer #136 4 
— ust of pae gea! Peripherals, Components & More! 


JETOO2 


JE1014 


JE1615 
JE1021 


JE1031 
JE1043 
4164-150 
41256-150 
§0464-15 


$99.95 


T1416 


and Monitor 
$4990.95 


Color Graphics Card w/Printer Port IPC/XT/AT. saa as $49.95 


EGA Card with 266K Video RAM 
and Printer Pn (PC/XT/AT, wee ee eee 


Multi YO wilh Dre Controller 
and Mono Graphics (PC/XT) 


tiven rt: tvp €" 5» " yF 


VO Card with Senad, Game, Parallel Printer 


Port and Real Time Glock (PC/XD. 20. ee eee eee $59.95 
HS232 Serial Hall Card IPC?XT/AT), BOR RÀ & ok F3 4 b OR V $29.95 
VO Card with Serial, Game and 

Parallel Printer Port (AT). ccce es $59.95 


Expand io 384K [mel zero-K) Mullifunction w/Senal, 


Game, Parallel Printer Port & Real Time Clock (PC/XT) . . $79.95 


Floppy and Hard Disk Controller Cards 
ABDKHB Floppy Disk Drews Conirolier Card IPCIXT). .. . 


20/40MB Hard Disk Controller Gard PEST} 


360K/720K/ 1.2MB Floppy Disk Gonl Card (PC/XT/AT; $49.95 


360K/720&/1.2MB Flappny/Hard Disk 
Gontor ONE AT). .ocunaashhaassaaecsua 


Additional Add-Ons Available! 
$20 Minimum Order 


armos! gd 7 Turbo 
IBM PC/XT Compatibile Kit 

4.72/10MHz Turbo Motherboard 

GEera-K nciucdien. 


Ard 
$119.85 


Fada e 


"xp 


by. BAM (85, 53421) 
(2 Chis, 15009]. . . 
SNAR RA S ak 
(HE Chie, 150n$]. . 
(4 Chips, 750s)... 


A Regular List $569.98 
SAVE $70.03! 


Comp. 10MHz Li Kit. . $499. 95 


|" b boh dog 


Comgatible Casa . ..., $69.95 
XT/AT Comp. Maryboard $59.95 


$55.95 


Multifunction, I/O and Expansion Cards 


529.95 


ELM digas regietersd trsciararh of International Eruca Mechta 


Mail Onder Electronics » Worltheride 


ameco 


. $19.80 


Mal Onder EMecironica : Workhweide 


ameco 


‘COMPOTER PERIPHERAL 
Seagate 20, 30, 
40 and 60MB 
Half Height 
Hard Disk 


Drives 
ST 2250 (Pictured) 
ZÜM Drive oniy (RCaSS AT)... . 
ZME wiConboler IPCAXTI. . . 
OMG Drive only (PC/AT AT}. . . 


40MB Drive only (PC/XT/AT). 


ST251XT 4048 w/Conl. Card IPC/XT). .... 
| ST231AT 40MB w/Com. Card (AT). n.. $535.95 
| ST277 ECHIB Drive anty [IPC/XT/AT). ..., $549.95 
GUMB w/Cont Card (At). .... $653 95 


& AT Compatible 
| Disk Drives 
' JENA (Picture) 


JE1 020 3608 Black Bat (PC/XT/AT]... 5. 89.95 
JE1021 won raga fi econ... $. 89.95 


JE1022 iun page Got iar... .. $109.95 
Datatronics 
2400/ 1200/300 Modems 


|! Hays, command comp. 
iba * Bell 103/21 2A pom 
paliblv * &ulo-diai/sulo: 
answa  FCL approved 
l-volr wipranly * includes 
Mezkita Communication 


2400712700/3700 Extemel Modem.... 


Prometheus 1200B Internal Modem 
PM1200B-25 sonnei). 6446-65 $119.95 | 


Jameco Extended 80-Column 
Card for Apple f 


| «80 Col/B4K RAM * Doubles 
amoun ol Galo ym Apple fe 
can iHay ag eee An ds MHT- 
ory capecihy * ies! lor word 
E, processing + Complete wih 
! mvtructona 


JE864 $39.95 
ADD12 (Diak Drive Ii, IP, He) $99.95 
TEST EQUIPMENT 

Kingdom and Metex 
E Multimeters 
J KOGUT: 


‘Sie dia"L x 2N x w'H 


KD302 . . $27.95 


M4060: 
-Hona gh aocurscy 


- Sire TL z 34 Wa 18H 
M4650 .. $78.95 


Data Sheets — 50€ each 
Prices Subject to Change 


Send $1.00 Postage for a 
FREE 1988 CATALOG 


Telex: 176043 
©1968 Jareco Electronica 
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Circle 129 on Reader Service Card (DEALERS: 130) 


FCC APPROVED! 


MEN Cs Sub-Mini ar 

<_—____ | The Space Saver 
a R EE Capability 
- AUT | Expansion Slots! 


Comes with: 

* 6-10-12 MHz Speed, | wait state 
* 8 Expansion Slots 

* Award Sottware BIOS 

* 1 ea. 1.2MB high densily floppy drive 
* Floppy & HD controller 

* 512K HAM (Expandable to 1M) 
* 200-watt power supply 

* AT Style keyboard 

* Assembled & Tested 

* Expansion options available 
Ordar F MAT1 $965.00 


XT Turbo Basic System AT Turbo Basic System 
* GHOMHz, OA wail stale 
(6/12MHz option) 
+ 8 expansion slots 
* Award Sottware BIOS 
e 512K RAM 
(Expandable to 1M) 
* 1.2MB high density 
floppy drive 
* Floppy & HD coniroller 
keyboard * 2004W power supply 
* Assembled & Tasted = AT Style keyboard 
* Expansion options * Assembled & Tested 
available * Expansion options 
available 
Onder £ XT-TURBO 1 Order # ATTURBO-1 
$290.00 $945.00 


PERIPHERALS 


1. Floppy Disk Controller - 20r. 

. Floppy Disk Controller - 40r. 
WDC H.D Controller 

. WDC H.D, Controler - ALL 
Floppy & HO Controller - XTJAT 

. WOC Floppy & HO Controller 

| 0-384K Multifunction Card 
Multi O (Ser/Par‘Game/Clk) 

. Multi VO With Controller 

, Multi I/O For AT (Sar/Par/Game) 

, 0-640K RAM Card 

, 0-2M EMS RAM Card For XT 

. 0-2M EMS RAM Card For AT 

, Color Graphics Card 

. Color Graphics Card WiPrnter 
EGA Card (Made in USA) 

. Mono Gr. Card WiPnnter 
XT Turbo Motherboard W/BIOS 

. 5/10 MHz AT Motherboard 

. 8/12 MHz AT Motherboard 
5/12 Mini AT Motherboard 

. XT Style Keyboard 
AT Styla Keyboard (AT/XT) 

. Enhanced Keyboard (AT/XT) 

. 150-walt Power Sypply 
150-watt! Power Supply-UL 

. 200-watt Power Supply-UL 
XT Flip Top Case 

. XT Slide Case 
XT Shde Case (AT Style) 
AT Slide Case 

. Mini AT Slide Case 


ORDER HOT LINE 1-B00-543-5107 
Technical Information (714) 990-2057 


Hours: Mon. - Fri, 9:00 am - 6:00 pm PST 
JAWIN COMPUTER PRODUCTS 


565 W. Lambert Rd., /C 
Brea, CA 92621 


- Pause add 558 toc S200, afuchever a ione) pus 25° 
for pach 330000. CA npaicierts please md OS gains tan Vie acce 


MAXELL 


100", CERTIFIED 
5a" BULK DISKS 


514" DS/DD 59° 
514" DS/HD 1.59 


3%" DS/DD 1.09 


Price based on quantity of 300 
Includes sleeves, labels and taba. 


800-222-0490 
in NJ 201-462-7628 
@ 24 Hour Shipment @ 


MEGASo!t 


PO. Box 710, Freehold, NJ 07728 


Circle 158 on Reader Service Card 


IEEE- 


Easiest IEEE 488(GPIB/HPIB) 
interfaces for your PC, PS/2, 
Macintosh, HP and more! 

* Controllers 

* Converters 

* Extenders 

* Buffers 

* Boards 


Call or send 
far your FREE 


| Technical Guide 
sce munem 


Network-08S LAN Systems - Includes Boards. 
Cabling, Termination and Software. Two-user 
| hardware and software for under $1,000 listi 


Ciose-Up Remote Communicalionsa - Supper 
your cuslomer wihoul leaving your office. 
Authored ty Cogitate for Noron-Lam bert! 


Context Bensitlva Halp for DetaFlax RM/ 
COBOL, Clipper and dGase iff - Puts your 
application's documentarion "on Jine.” 


DateFlax Database Management - True Muhi- 
Use: dalabase for MS /PC-DOS, Unix and Xenlx. 
Site ticensing available, 


Dump /Rentore-XT - Seven uilittes for Ihe MS; 
FODOS user. 


Call or write today for our catalog and pricing! 


COGITATE, INCORPORATED 
"A Highar Form of Software" 
24000 Telegraph Acad 
Southfield, MI 48034 
(313) 352-2345/ Telex: 386581 


9-TRACK MAG. TAPE SUBSYSTEM" 
FOR THE IBM PC/XT/ÀT AND... 


m Alen lor ATAT. OEC, VAX, 
VHE, 8-100, RS- EIE. 
ae. 
Aj uran, Fi angar 


Wim aver pe Tros ee seinen 


Circle 8 on Reader Service Card 


Why waste your time 
formatting disks? | 


Preformatted disks 
save you time and money! | 


|, Memorex * Nashua « 3M 
5! Pi (irom 48c) " gi z HD t 3! 3" t 4' a" HC 
Call rall-Iree TODAY! 


1-800-321-4668 


In Colorado (303) 234-0871. 
Open 8:00 to 5:30 Maunlain Time. 
Monday-Friday 


ALF 


ALF Products, 1315F Nelsan Si- 
Denver, CO B0215 


Circle 9 on Reader Service Card 


PAL/'EPROM PROGRAMMER CARO 
For PC/XT;AT Systems 


NEW =~ VERSION 2 OF SOFTWARE AWO HARDWARE 
| BE 5475 


100MHZ LOGIC ANALYZER CARD 
For PC/.XT/AT Syatems 


$1199 24 Dure n 258021 25883 
X Crane ai co Me 
tema Clock ug ^o HQ Mary 
Ec Coa up 5 25 Mr 
Theatre Vollage TTL ECL 
c wena um F0 aii 
Can ace Mapa Boras 
A4 Semina cuna 


CALL NOW FOR ORDERS AND m 
TECHNICAL INFO (201) 994-6666 


Link Compune Ke à Spancw Di. 
Livingston, NJ O TLX 9102409305 LINK COUPUTER 


VAMC Cash Pasma cheke pente Blow Z babes vo chiar AM 


Visa/MastorCard Accepted 
Pere F mri jor 5 year undone cies eene daikid = 


Circle $6 on Reader Service Card Circle 142 on Reader Service Card 
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Multi Line BBS 


Circle 190 on Reader Service Card 


Information Host System 


InfoQuest has announced the 
first reasonably priced professional 
Bulletin Board/ E-Mail System that 
instantly transforms any [BM or 
compatible computer into a secure, 
reliable Information Host System. 


Multi-User 
On-Line Database 


A flexible database feature pro- 
vides the virtually unlimited organi- 
zation of either structured or un- 
structured databases, eacli with its 
own ‘‘Key-Word Search” capabilities. 

Features like these, combined 
with a fully integrated Electronic 
Mail System, make this com- 


plete and comprehensive package 
the only choice for any serious 
business application. 


9600 Baud & Beyond 
Modem Support 


There’s no reason to limit your- 
self to “‘snail’s paced speeds.’ Now 
a simple software setup allows you 
to configure various modems at 
different baud rates on up to 16 
dial-up telephone lines at speeds 
from 300 to 19,200 BPS. 

A list of hundreds of systems 
presently on-line include several ma- 
jer corporations along with many 
successful new start-up firms. Each 


Solving your scientific and engineering 
problems just got simpler. 


Science & Engineering Softwere Co 16 the 

anly source with all the saftware you need to 

solve your specialized problems: Statistical 
| data analysis. circuit design, data acquis- 
tion and cignal analysis, solving campiax 
equations, JD CAD/CAM, high-tech graph: 
Pics technrcal word processing and mare. 


J CIRCUITDESIGN SCHEMATIC CAPTURE — 


REERRB, Wirta Corp... + ab eet Ms gag 
MICRÜO-CAR Il, Spectrum Spirware E y 
PAGS Drei, CAD Solbware wimini a: 
PADS PCR, LAC Sal EATE tet 
| PADS Routes, CAD Sottware — P 


TORK, West Corn 
Tonge POB, ACCEL Tech ags 
Tempe Resta, ACCEL Tach 454 


DATA ACOUISITIGN SIGNALANALYSIS  — 


Asyetsat Piss +, Macmillan gy Bag 
AL Mbacminm , 
DADISP, USP 5 


OADIRSP.A4BRB, DKP BER M 
Fourier PERSPECTIVE H Auigator Tris 
WYTPERSBIGNAL,. Hyparcrpom = __ 
LASTECH framre, Lab Tech Carp , 
LABTECH CHROM, Lob Tech Corn. i 
LABTECH Mecebesk, Lab Tach, Corp on, 
LABTECH Real Tuna Aeres. Lat Tech, Gorp 
Messrs 0. , T mi oF 


Pinem erred iod win i tenn 


tesi Resin de Lar rd 


melMATH, Microso 
Selver-O. SOOT 


ECAD, Opin Engengereg 
FABTCAD, Euoh;txon Compubng .. 


‘orp Geeertc CADO 
SNAPSHOT STORAGE SCOPE. 
UakelBeese Junigr, Unke! Sotlwers 
Unksiicopa Lavel 4, Unde! So twart , 
Linke Sctepa Lavel È+, Lintal Software 


^ pus es Soi twar : 
raphic, cum tiu Eridemne s 
fure. teki 


] 49 Orepiies Dav 
PLOTTING AND GAARPHING 
Cheetos FC. intarchert Solterbes 
Üstetag Graph, Mababen Associates 
P Ormipiet, Scoenblic Endant 
BLOTE, Lorum Tecrinical Silt 
TECH" GRAPH PAD. baay apreci 


*obemnH edam “bi 
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inug peramerlvg 
rims Lo aur Auta CAD drewogal 


Watvert!, adul Screntific Solcwerk ial 
8  TEMjelrer Plow, Unrvarkal Tech Sys 


goo cd E 
riga CAD. Amarta Smal Bus Camp 
, Foresight. 


TO Rendering 
in* A" Vision. re iim — 
,US8L C 
PRO-JD/PC, Enebing pereen — 
Tere CAD. MEA Grout 


AUTOCAD ADO-DNE 
Jatel ÉL. Sylës Uri mitad c 4 275 


Aucsl E PES, System Unkm 
—— ee) Systeme Leder 
be Viam, Guhiggc Corp 


a Na ane offers you mere variety. 

€ IF you don't see 6 Lie, we'll special order it. 
è 1f you don't know the publisher, we'll find it. 
è Over 300 programs available 

* We offer n 30-dey. money-back guarantee,” 14 Sel. 


CHEM TERT, mom Damga Lud 
EXACT, Techical Support 
ag Bronk so Publishing 

For bigth, 5hanthis Eg! twere 


Lotes Manotbript 
PC TEX, Perona TEX 
Herd Pres., 


Mater, Bed. — — 
Cas, ScarSatt i 
Miereeeat, Ecos, _. — 
^ =~ jaa hho 


EPSE: PC. 


dug Read cay rheutoon nera 
Prae $4.39 


Ta 


WTATE-R. SiSot 
grak 


Bureka: The ofrer, Aortand 
AA 2.0. Met Sart "4 *?M 


ATLAB*GRAPHICB, STSC 
tees, Durim Technical Soit 
Eagineer's Aide, Cog Prog Concepts - 
LAECAUNSN 10006 aiiora 
PE-bintlab, [^e Man Porio 
Ceannt Eystum Toslbaa 
tme II) Toolbar 1 
PU T FIVE. Pacifi Crepe 


Weed, Den inc 


S 
E 
a79 Usin, Curtis Technical Balt 


BASIC LANGUAGE 
Miaresait an BAEX i 


ACD) Hae 


aH itr 


= 


EIC: ax $J 98 pue eum oni reen orotate 


e beeen) ee md GID 68 cage ts eer: 


U^ rT! 
Am PLUE, S7TSC à na. 5 
^ 208 


3 APL'PLUS FE POOLE, STSC 
Pocket APL, STSC 


78 


BtetPse Bald, _ pe ae 


Tha Prefussisad Wisi, Dii inc 


Ab wccmED AME E genae jn aa i54 wu FEMPCR. | 
WEEE Them 4 ^n auroras "nc cnm Caro COL) m 
Thr Slate CrEPAPmLP eg: W sees Can Enceng uei] Meet 


report their complete satisfaction 
with this unique product. 

Extenstve upload options allow the 
Organization and presentation of 
data, graphics, text and program files 
into an easy-to-use download library 
available to users so authorized. 


at Only $399. 


at Only 


This revolutionary software sys- 
tem installs in minutes out of its 
professionally documented package 
and is available with a money-back 
guarantee. To order, or for addi- 
tional information, contact Info- 
Quest, (818) 991-5112. 


Soltware.. 


TEI Software Bes 


wi Cede ym 
, Magus 


WMapesecten] 

AM FORTRAN, Ryon-MFartaná : 
Laburator, LTO 

SSP PE, Lattice 


GAUSS 


GAUSS Prog Leng., Antoch Sis 
GAUGS Meth à Btet Syrten + 


Pascni-2, Üregen Softearw , 
" Torbo Passat, Boris 
Me Develaper'? Teele — _ 
Komiteel Eiethada Tesibhex 
Turbe Passes! BGS Tasa, Dumm- Corin 


X:ASMS SIMU LATORS 


Call for yeur FREE catalog today! 
In the U.S. CALL 


1-800-333-3141 


ocience B 
Engineering 


SOFTWARE CO. 
55 South Broadway, Tarrytown, N'Y 10591 
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J0-DAY MONEY BACK 


Boston 
SE Prince ȘI 
Baii NA G7 
1-600-451-5279 


Sure Mouse GA WDIG 


1-800-451-5278 


S271 E Mencia Fra Sune A 
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New York 
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Systems, Ine. 


{212} 627-9884 
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212-627-4485 
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a Power Sf Tung of System Componmis 

+ Sobikar (ot Aude oF Mus; Use 
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a (pna 25 MÓ FAM Caro bo 
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« Optional ! 7 MB Na (rog 

* Deional TAK Ad MÁS o biel eget Hippy Dres 
© onal Caku Spalm w Hgh Fa. rikl 200 co. Dila AUT 


PcPRIME BB W/ZD MB & 1 Floppy 
Seagsie ST 225, 65 MS... 5900 
PcPRIME 88 w/30 MB & 1 Floppy 
Seagate ST 238, 85 MS ... .$950 


Network/Multi-User 
Installations 
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PePRIME 
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ONE MEGAbgte 16 MB: 
"UT WAIT 


52.300 


MXP Compan W Comm 
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a sw MS DOS 21. 31, 32 33 GW pc . Liin, Kaay 
a Uanboiy o Sacha beteeen 1E MNI T Wa or EMIT 
Party Chicks Stabe Coen SAM 0A Sud 
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a 6d Tesbyie ul virtual As Spaca 
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Docs 4 Ciada an Boerd a Garey Baa UC 
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* Software Ulirhy 6o Emane Eapanget keno y (or Loka 123 Fir 
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fepetinohs Two: pig d Desks anii Maan Figa 
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* Porwerde Sed Timing ol 
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FCcPRIME 386 Systems  . $2.800 


W/40 MB Seagate ST-251, 40 MS 


j Terribly Fast. 


* Ente gad Sern fan keys 
mi acti Fires 

* Pow Lock Fry Saeed 

P Cont a deigcsinin Aooh 

LE T Krust 

s Turbo Speed Light indicau 

a Fu tho di Puri Burin 


i 
at 
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: 


PcPRLME fi Portable T 
Cordigueed Sama m. PcPRUME 58 


W/TU MB Jaeger 21-275, 05 ME, One Fappy — 61.300 

Prf 288 Portals 81,000 

Cantgured Same au PSFREME 780 

Wat MS Sagan 51-250, AL MS ——— 18. 2.150 

PcPBIME 308 Portable . o. S300 

Configured Same m PCP N 

Ws) EP Lgu 51-751, AU MS . 4. — T1900 
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rr |<’ EPROM 


SS p ÉL —EE 


prr e$ PROGRAMMER son 
Ze) e $225. » ! TIR iS 


-am -fy - 
6G (= a 


b — 


A ani M Analysis & | È Bä. COMPLETE WITH 
Equation Handling Program -—-X- T^^ 

"o .This is a woordertul program.” | F | MODU 

Mathematics Instructor 

“ lit was @ fife saver..." 117 AC POWER-RS-232 CONNECT 


C Lj 
id 


100% certified and tested Error free 


Statistics Professor. -8 BAUD E> AEN t em 

* Enter equations easily, adit, and solve "ani apn 2d Gate She maid | life time warranty. All disks Include 

ina Cima Ine. As ee Ti^ neric white box, Tyvek sleeves, 
* Equations reedabis from sny ASCI) text file (Bpecity Computer} Driver Program on Disc ng ar "des e "GER dune shrink | 

* Symbolic manipulation. | the following 5 Voll 24 or 28 pin ' B ' 

* Up ta 1000 non-linear equations. ! d Tas "a un S une wu po Leah pa — « wrapped. | 
* Requires IM PC, 256k or mare. Modus desired with de. Additional 5.25 Black Disks, OS/DD....,.. .36ea | 

See Nov. ‘87 BVIE O ERDER -AL TBO GGZ BUO INWTE “Available, DS/DD 46 ea 

"WHAT'S NEW" paga 84 APROTEH Jm diis nali oii j i 

1071 A AVENIDA ACASO Anns | 5.25 Black Disks, OS/HD...,... 86 €a. 


ae diam a CAMARILLO CA 93010. — 54 (D Shnppew] USA 5.25 Color Disks, 8 Colors 
Madison, Wi 53708 "Mo 1BO5) 98? 4464 VISA do MC Aud d Avallable, DS/HD ........... .94 ea. 
800/282.6243, WI! 800/362-3020 We Accipit Govt Seiwa & bogey Com PO 3.5 Blue or Gray Disks 
^ i à |) oe + hm .98 ea. 
Avallable, DS/DD ......... we 1.10 ea. 
MERERI | BULK MEDIA AVAILABLE 
PC -F MIDI | 5.25 D5/DD. MEAN 32 ea. | 
| ] 5.25 DS/DD Colors. ewe eee we 42 ea. 
h | T E. fh $35 D& HD. ............. 82 ea. 
— | E | 5.25 DS/HO Colors.......... .90 ea. 
3.5DS/HDBlueoróray ...... .95 ea. 
| Wn a - aen equator pog your Po ti PC- 3.5 DS/DD Colors ........ 2S4 1.07 83. 
j rhe m ld ol music- 
l | Fano aie complete tine ol MIDI Soll wato | 5.25 Tyvek Sleeves. ......... 0275 ea. 
$145 and hardware Irom VOYETRA TECHNOLOGIES. 5.25 Paper Sieeves......... 0175 ea, 
LOW COST PC/XT/AT INTERFACE a di cnet m Gurak Total MIDI 5.25 Label Sheet 8 ONE Bo* cae OB RC OR OB ea. 
FOR 1EEE-88 (GPIP/HPIB) O CONVERSION PLUS: ie coner for music $,5LabelSheet.............  20ea 
* sí 1 | 
STOPS INTERRUPT LEVELS On C) PATCH MASTER: nemork erganizer and 5.25 White BOx.,........... .15 64. 
a | OF 2 DMA CH sound hibraran 3.5 White BOX ........ — 14 ea. | 


O OP-4001: PC/MIO! interlace card 


"| Ve never sean a more Doi easy-fe-use 
music and OGAOGA pete Dole” 
(PC COMPANION) 


ANNELY 
+ UP TO 4 BOARDS PER cape 
e CONTROLLER zc TALKE 


o ! 
e [INCLUDES SOF 
a CUSTOM SOFTWARE SUPPORT AVAILABLE 
e CONT HDI WITH MOST IFEEANS SOFTWARE 
PACKAGES THE 18 PC 
+ QUANTITY ESTE a 


Cal ioshtr far dateshea:! For more information cuntact VOYETRA 
ut TECHNOLOGIES, Dept PC, 426 MI Pleasant 
B&C MICROSYSTEMS Avenue, Wamaroneck NY 10543 or call 
zn Ps mth PAX sum UM TELEX obs (914) 898-3377 
“Tiga à. MC sctcgned CONTINUOUS FORM LABELS 
_ = "— sze Across — Qi. — per/i000 
Circle M on Reader Service Card Circie 276 on Reader Service Card ; 


234 X 7/15 1across — 10,000 $14.95 
2% x 2/16 d across 20,000 $1.95 
24 445/16 1across 5,000 $2.18 
24%2%15/16 3across 15,000 $1.98 
3x 15/46 4across 20,000 $2.00 
| 23x15/15  4across 20,000 $12.05 
$44 X» 35/16 1across — 5,000 $1.90 

TAPE SYSTEM 3y x15716 2across 10,000 $1.50 

| 314 415/16  3across 15,000 $1.30 
m IBM PC/XT/AT 3^x15/16 dacross 20,000 $1.90 
4x 15/15 4 across — 5000 $3.21 
4x 15/16 3 across 15,000 $3.21 

=< i 4x1-7/16 across 5000 $3.25 
4x 17/16 3 across 15,000 $525 


Prices quoted for full boxes only. All orders 
F.0.8 Westville, NJ. COO orders - add $1.50. 


a Mainjrame lo PC Dela Transfer 1 O40 Broadway 


pr, ace rl TR Westville, NJ 08093 


Mm 609-456-6996 
cal (818) 343-8506 or write to FAX# 609-456-7172 


All orders F.O.B. Wastville, NJ. 
COD orders add $1.90, visa & MC accepted 


Set up a complete 
graphics workstation 
on your PC 
for under $100! 


PC-PLOT-IH graphics terminal emulator software 
package enables IBM PC's and compatibles ta 
appear to a mainframe as DEC VT- 100/200, VT-52, 
Relrographics VT-640 or Tektronix 4010/4014 and 
4027 terminals. The program also provides valuable 
Communication commands and more 


An enhanced version, PC-PLOT-IV. Further alaws 
complete Tektronix 4105 terminal emulation 


For more information catt 614/882-4786 


Comte Comparer 
P.O. Gox153 Tarzana, Calif, 91356 


CONTECH | All orders shipped same day 
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PAS 1 MicroPlot ! 


659-H Park Meadow Ad. Westerville. OH 43081 


RS-422/232 


(CURRENT LOOP 


DS-225 


€ Single channel async communi- 
cation board for IBM PC/XT/AT 

® Software selectable to be RS/ 
422/485, 232 or Current Loop 

e Selectabie Address & Interrup! 


1-800-553-1170 


478 E. Exchange S1, Akron, OH 44304 
1218) 434-3154 TLX 5101012726 


Circle 412 on Reader Service Card 


72 Digital 1/0 


PXB-721 
Porallel Expansion Boord 


* For IBM-PC & Compatibles 
+ 72 Digital HO Lines 

s Simple Programming 

* Uses One Expansion Slot 


* Fast Delivery 
$195 
1-800-553-1170 
rhs 


00 Cethange O1. Assos O11 44904 
(218, 434-3154 "LX 41017726 
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Communications Board 


| = . 


* For IBM-PC/XT/AT & comp. 
* Dual RS-232C Interface 
* Optional software supports 
COM, COM2, COM3, COM4 
* Jumper selectable interrupts 
Fast Delivery 
1-800-553-1170 
= QUA TECH 
e IPRC UE E AA 1€ 0) 


Str. Akron, Of 4:304 
TLX: 51010127268 


Cirele 218 on Reader Service Card 


“ower Control 
110/220 AC by your IBM-PC 


» i, 
Nh ! 


The boards allow you to Con- 
trol/Monitor high voltage AC/DC 
power lines with your IBM-PC/ 
XT/AT or compatible while pro- 
| viding optical isolation. 

1-800-553-1170 


P= GOGUA TECH 
pann 


47H E S1. Akron, OH 44304 
(216) 434-31 TL: 5101012728 
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* FOR IBM & Compatibles 
* Flexible and Inexpensive 
* Money Back Guarantee 
* Free Technical Support 
Fast Delivery 
1-800-553-1170 


Leaders ii Conmsnuiriicalini Techasolgy 
Am E Eschange St, Akron, OH 4434 
i218) 424-3154 TLE: 510012728 


Circeis 2165 0n Reader Service Card 


WAVEFORM 
SYNTHESIZER 


* For IBM PC/XT/AT and compatibles 
a Generates user-detinable signal 
* Up to 2000 points per envelope 


$795.00 
1-800-553-1170 


pg au^ TEcH 


(TB E Exchange St, Akron, OH SHH 
(218) 434-3154 TLE: 5100012726 


nid 
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Communications Board 


P 


» For IBM PAX TAL PS/2 

. Qual channel AS-422/R5-485 
a Selectable/shareable interrupts 
« Diterental drivers to 4000 ft. 
* immediate delivery 


1-800-553-1170 
TECH 


MC Owes ATED 


Leaders m Communication Technology 


47h E Exchange St, Akron, OH 44304 
(216) 434-3154 TLE: 53010127728 
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IEEE-488 


MXI-100 


e GPIB controller board tor IEM 
PC/XI/AT 
& Control up to 14 Devices | 
* User friendty Software Commands | 
@ DMA Transter Io 200k byte/sec. 
$345.00 including software 
Ga BUA TECH 
i HNECORHPCDAATEC 


478 E Exchange SI, Akron, OH 44304 
(216) 434-3154 TLX 5101012726 


BOD-553 LTD 
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Communications Board 
FOR 


PS/2 


MODELS 50, 60, 80 
* DUAL CHANNEL 
* ADDRESS SELECTABLE 


" BAUD RATE TO 256 K 
” INTERRUPT SELECTABLE 


1-800-599-1170 | 
QUA TECH 


INCORPORATED I 


Leader In Cannmunicaiion Technology 
478 E. EXCHANGE ST 
AKRON, OH 44304 
(218) 434-3154 TLS 5101012725 
FAX: (216) 434-1409 
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MASTER THE “NEW ELECTRONICS” WITH McGRAW-HILLS 


/ Electronics Senes 


| Jå changes in 
| electronics. Use the Series to 
p With each module, E from scratch or update your 


a= d you also receive a MeGraw-Hill owledge. 


Es —Mrá The fast, Action Audio Cassette. Each tape is a Perform experiments in contemporary 
| dynamic discussion that drives home the electronics. 
easy and low cost way tomeet — key facts about the subject. Indexed Throughout your series, laboratory 
the challenges of today's electronic binders preserve backup material, notes experiments reinlo orce every significant 
innovations. À unique learning series and tapes for convenient referral. pont. Ts enentil experience 
that's as innovative asthecireuitry it Understand digital logic... ynamic, hands-on demonstrations o 
explains, as fascinating as the DORRES. | 28 don wd leat apply em T - r 
experiments you build and explore! McGraw-Hill’s Contemporary tomorrow's latest VLSI (very large scale 


From digital logic to the latest 32-bit Electronics Series is an extraordinary integrated) circuitry. 
microprocessor, you master one subject at opportunity to update your understanding 


a time with the McGraw-Hill Contem- 0 "t s most s print —— See other side for more details ———» 
porary Cpl ie Fifteen > j rg oc Een 

unique Concept s sent to CEN 'Q OARD TONAS ÁB 

you one every 4-6 weeks, give you | OMA Y. Bussi VL TODAY! 

a handle on subjects like opto- | = p 


electronics, transistors, integrated 
circuits, logic circuits, and more. 


Each Concept Module goes 
right to the heart of the matter. 
You waste no time on extraneous 
material or outdated history, It’s a 
fast, efficient, and lively learning 

lence. . , a non-traditional 
approach to the most modern of 


YES! I'm interested in learning contemporary electronics and would like to examine the first module 
: in the series. [f I decide to keep it, I will pay just $19.95 plus $2.25 shipping and handling. | will 


then receive future modules automatically, one every 4 to 6 weeks. Each of the 15 modules in the series is $19.95 
plus $2.25 shipping and handling, arid comes on the same 15-day Free Examination basis. There is no minimum 
number of modules that ] must buy, and I may cancel at any time simply by notifying you. 


If 1 do not choose to keep the first module, I will return all materials in good condition and pay nothing. Future 
modules will be canceled, and [ will be under no further obligation. 


subject matter. Name 
Unique Interactive Instruction T 

Your learning experience is i 
remforced through the integration Gy a aa ge " 
of vividly illustrated text with | = —————— 
actual electronic experiments. Phone No, | i 


All orders subject to approval and payable in U.S. funds only. Available in U.S. and Conads only. 2080-038 


| (Please. Print] 


Your adventure begins with Module 1 


With your first module, you'll use 
the latest digital integrated circuits to 
build a ital ae circuit that demon- 
strates digital signals— verified visu- 
ally by the flash of light emitting — * 
diodes (LEDs), 

You'll learn concepts applicable 
to all electronic circuits, With the first 
module, you will be able to identify the 
major passive components like resistors, 
capacitors, inductors, diodes and trans- 
formers, and active components such as 
transistors and integrated circuits. 


Each module adds more to your 
expanding knowledge of the new 
electronics. You'll cover every important 
subject in contemporary electronics: 

* Digital logic 

* Digital gates (TTL, CMOS, ECL, 


wp 

NMOS) 

« Flip-flops, counters, and registers 

* Op-amps and applications 

* Power supplies (plus IC and switching 
regulations) 


Working with 
actual electronic 
components, 
you discover 
first-hand the 
operation ol the 
, circuitry found In 
| contemporary 
alecironic 
devices. 


pose 


I 
I 
P 
i 
F] 
au g. 
2 i 
Ej 


4 i } 
ited 
'— 


—À m 
L| 
ui 
l i 
l ¥ 
J 


vx 


4M 
L| 
| 
E' 
- 

2 S 

i= 


* Combinational logic 
circuits IROMs, $ 
decoders, etc.) 

* Circuit analysis, AC 


s Transistors (bipolar and FETs, diodes, 
thyristors| 
* Integrated circuits (linear and digital) 
* Oscillators and function generators 
* Modulation and demodulation 
* Optoelectronics 
* Digital multimeters and scopes 
* Microprocessors 
* Electronic troubleshooting 
¢ Data communications 
¢ Robotics and industrial contrels 
* and more! 
For anyone interested in electronics 
The Contemporary Electronic Series 
is designed for anyone from hobbyist to 
posse It's for you if you're looking 
or new fields of interest. . .if you're a 
teacher who wants an y in conterm- 
porary circuits. , .an industrial manager 


theory, LC a 


e" With your first module, you 
get easy-to-follow text and 
Interactive audio instruc: 
tion. Plus you build 
bha this solderieas bread- 
, [3 boarding system, 
— w Which you'll use 
AES ^ a throughout the 
, Series to construct 
elecironic circults 
and bring con- 
cepts to life. 


or supervisor ,adoctor, an engineer, a 
chemist, or anyone who finds electronics 
playing an increasingly im trole in 
their work. It's even for electronics engi- 
neers, technicians and scientists who 
their training needs freshening up. It's the 
quickest, most convenient, and grebati the 
least expensive way to do it, And the only 
one that gives you hands-on experience. 


15 day no-risk trial 

We invite you to prove te yourself 
that the Contemporary Electronics Series 
is all we say itis... without risk and 
without committing yourself in any way. 
Return the reply card and we'll send you 
the first module for a free, 15-day examina- 
tion. If you're not absolutely certain that 
this is an enjoyable as well as highly effec- 
tive way to learn, simply return 
the module to us. 

If you want to continue, 
we'll ship the remaining modules 
automatically, about once a 
month, for only $19.95 plus $2.25 


| | Reece m for shipping and handling. 
Return the pos aid reply 
UNES catd today! And let McGraw- Hl 
BUSINESS REPLY MAIL | N55 | Nerd af Contemporary Bet 
Wor In 3 
s the card has been used, ri 
us for ordering information. 


POSTAGE WILL BE PAID BY ADDRESSEE 


McGraw-Hill Continuing 
Education Center 

3939 Wisconsin Avenue 

Washington, DC 20077-9265 


3939 Wisconsin Avenue 
Washington, D.C. 20016 


Send card today for your 
first module! 


| 
| 
| 
| 
SITE, raw-Hi 
win B Conunuing Education Center 
| 
| 
mim MV mm mI | 


BYTE 
LISTINGS 
YOUR WAY! 


it's easy. Now there are 
three ways to get source- 
code listings that go with 
BYTE articles—on disk, 
in print or on line. 


LISTINGS ON 
DISK BYTE listings on 


disk are right for you if 
you want to compile or 
run programs quickly. 
Disks are now available 
by annual subscription as 
well as individual orders. 
BYTE offers listings in 11 
popular disk forrnats. 


LISTINGS IN 
PRINT This print sup- 


plement contains Source- 
cade listings described in 
ihe issues of BYTE. 


LISTINGS FROM 


BIX (BYTE Information 
Exchange! By joining 
BIX, you can download 
BYTE source-code 
listings at standard BIX 
rates. See BIX informa- 
tional ad listed in Reader 
Service index in this 
issue. 


TOY 


f 


FOR DIRECT 
ORDERING CALL 
TOLL FREE: 
800-258-5485 
Call: M-F, 8:30 a.m. to 
4:30 p.m. Eastern Time 


(603-924-9281 for New 
Hampshire residents) 


For credit card 
orders only. 


the format checked for tha 
following 1987 Issues: 

LI January C] August 

O February Ci September 
El March O October 
O Apit [3 November 
Cl May [1 December 


OUTSIDE USA: 
only $21.00 
{Save 910.801 


COMBINED DISK 
AND PRINT 
SUBSCRIPTION 


Bundled together, 
giving you the 
convenience of disk- 
based source-coda plus 
the ease of reference of 
print. 


IN USA: OUTSIDE USA: 


Single Annual Single Annual 
Month Subacription Month — Subscription 
(one disk) [13 diska) lone disk) (13 disks} 


6% inch: 
O IBM PC 

[] Apple lI 

[I] Kaypro 2 CP/M 
L] Tandy Mod 4 

O MS-DOS 8 Sector 
C] TI Professional 


Ll $10.90»  [] $89.95 
(Save $62.40) 


[]$11.06 86 $99.95 
(Save 856.40) 


D $78.85 31195 — [1] $99 95 
[Seve 949,40) (Save $55 40} 


C $9.95 


1987 Supplement issues 1986 Supplement issues rc 
IN USA- IN USA: HE 
OD January through March 1987 for C January through June 1986 for 
oni 56.95 only 88.85 
O Apri trrough dune 1987 for on O July through Septeriber 1966 
ly $6 95 for only $6.35. 
O Juty through September 1987 O October through December 
for ony 56 95. 1986 for only $6.55 
L] October through Gecernber O 1986 Annual Subscription lor 
1387 for only $6.95. anty $18.00 (Save $4 65) 
OUTSIDE USA: OUTSIDE USA: 
[ January through March 1987 for O January through June far only 
only $7 95 59.95 
O Apr! inreugh June 1987 for on- [ June through September for 
ly $7.85. only $7,395 
EJ June through September 1987 C October through December for 
lor aniy 57 56 only 57 95. 


O 1886 Annus! Subsenption lor 
only $21.00 (Sava 44.65) 


O October through December 
1987 lor only $7.95 


OUTSIDE USA: 


Annual Subscription Annual Subscription 
(13 disks & 4 Issues} {13 disks & 4 issues} 
5% inch: [] $64.95 C $304.95 
U IBM PC {Save $69.20) (Save $69 20) 


C] Apple il 

C Kaypro 2 CP/M FC 
[J Tandy Mod 4 HI 
L) MS-DOS 8 Sector | 

C TI Professional 


3% Inch: 
[] Appie Macintosh 
[] Atari ST 
L) Amiga 

| O HP 150 
O IBM PS/2 


| B inch: LJ $94.95 


O $94.95 
(Save 362.20! 


(Save $72.201 


CL) $114 95 
{Save $72.20! 


Listings card AN" 
MARCH 
Mame Ll Check enciqsed 
DO MasierCard 
Address Li visa 
Cily State _ Ap... LU Funds enese (It ordenng 
from outside the US please rerit in 
County or Parish Country US. dunds drawn on a US bank 
Thank you.! 
Credit Card £ 
fap Date Signalurte _ sé 


Piease allow 4-8 weeks for delivery 


NO POSTAGE 
NECESSARY 


BUSINESS REPLY MAIL 
FIRST CLASS MAIL PERMIT NO. 10 PETERBOROUGH, NH 


POSTAGE WILL BE PAID BY ADDRESSEE 


EVIE Listings 


One Phoenix Mill Lane 
Peterborough. NH 03458-9990 


IF MAILED 
IN THE 
UNITED STATES 


Tir IT PP] bibeh hbiba that] 


EPROM 
PROGRAMMER 


From 
$250.00 


| PC BASED OR 
| STAND-ALONE / RS-232 


From A Name Fou Can Trust 


LOGICAL DEVICES INC. 
1201 NAW. 65th Place 
Ft. Lauderdale, FL 33309 


1-800-331-7766 (305) 974-0967 
Telex 383142 Fax (305) 974-853! 


Circie 143 on Reader Service Card 


TRANSLATOR _ 


Translate your BASIC source programs 
to Pascal source. P-Iral, now available 
lor Ihe IBM PC and compatibles, will 
translate MS-BASIC/BASICA ta Turbo 
Pascal 

{Reg Dos 2.0 or later w/ANSI.SYS). 


Also available for the Apple li series 
(incl. IIGS) and converts Applesoft to 


Apple Pascal. 
(212) 206-6490 / 924-0576 


WOODCHUCK INDUSTRIES 
340 WEST 17TH STREET (#26) 
NEW YORK. NY 10011 


Circle 286 on Reader Service Card 


BAIA 


e Muiti-user Database! 

e Powerfull 

e Multiple Operating 
System Compatibility! 

e Attractive Dealer 
Pricing)! 


EX. 


e Full Dealer Support! 


aat, s cbe rs (LT DT lup oA 


Dealer Inquines invited 


cj vate 


£4000 Telegraph Bid 
Suite Macher 45034 USA 
1313] 152-2345 


Circle 55 on Reader Service Curd 


PAL'/EPLD 
PROGRAMMER 


From ei 
689.00 
bind = — 


Stand Alonc/RS-232 Programs and Verifies 
| 20/24 pin PLDs Irem M MI, TI, National 

Cypress, lattice, AMD, Altcea 

UAI è a reper red trademsck ni MME 


From A Name You Can Trust 


- LOGICAL DEVICES INC. 
12001 NW. 65th Place 
Ft. Lauderdale, FL 33309 


1-800-333-7766 (305) 974-0967 
| Telex 383142 Fax (305) 974-8531 


Circle 145 on Reader Service Card 


(DEALERS: 146) — 
0.00 DSDD 


, Q DISKETTES 


100% CERTIFIED 
100% GUARANTEED 


NAME BRAND QUALITY AT DISCOUNT PRICES 
96 TPI DISKETTES 49¢ 
COLORED VINYLS AND CUSTOM LABELS 
WRAP-IT SHRINK WRAPPING KIT 
CAIL POR QUANTITY DISCOUNTS 


DISKETTE PACKAGING MACHINERY — 
3.9 & 9.25 SLEEVING 


LABELING, PRINTING, BULA PACKAGING 
VACUUMING, DEGAUSSING 


WSCORP MORLD TRADE 


1-(800)-338-1805  1-(203)- 739-7791 
Circle 279 on Reader Service Card 


Share Your Printers! 


Ne 


This Buffered Automatic Print- 
Controler has 4 Paralel inputs, 
end 2 Parallel! Outputs! PC and 
Laser Compatible! Simulkangous 
Data Path, Multiple Copies and 
Numeric Display! G4 Buffer ls 
Expandabia to 256K! Automatic 
ar Manual Operation! The Hest 
4 to P Printer-Sharing Cnrolce!!! 


B4K Model Only $279! 


TlaxTech Computer Products 
GSE Call (918) 437-2600 dE? 


Call for Bast Prce Cables + Switches! 


No Mimmom, COD's and WAPO's accaptedgd 
Shipping + Handing added. 3% surcharge 


an MG/AViga. FOS 909506 Tulsa. OF 74169 


Circle 154 on Reader Service Card 


MUST LIQUIDATE 


AT HUGE SAVINGS TO YOU! 


INTERNAL COMPUTER 
TELEPHONE MODEM 


Your Telecommunications Link! Use 

this intelligent 300/1200 baud Card 

Modem for a wealth of information. Access 

large data banks on topics from finance 

to agriculture. Check the stock market and 

more It incorporates LSI microprocessors 

designed for the IBM PC, AT, PC-XT and 

compatibles. Plugs inio any card slot! 

Expand your applications, order this 

closeout item now! 

è Hayes Command Set Compatibility 

* Auto-Answer and Auto Diai. 

€ Programmable Dialing. Auto Redial. 

è Bell 212A/ 103 Compatible. 

€ Accessible Time Base. Help Commands. 

æ TouchTone/Pulse Dialing. Can Access 
Long Distance Services. 

e On-Board Speaker with Volume Control. 


| * Diagnostics Help identity Problems. 


One-Year Limited Factory 
Warranty on Parts and Labor. 


79 


tem H-3159-7340-953 S/H: $5.00 ea. 


IBM PC, AT, PC.XT are registered bademarks of 
Intemational Business Machines Corp. 


Credi card customers can order by 
phone, 24 hours a day, 7 days a week. 


Toll-Free: 1-800-328-0609 


AE 2 B E ee E EN I eee LI ED Ls 
SEND TO: 
! 454 El Authorized Liquidator | 
J 1405 Xenium Lane N/ Minneapolis, MN 55441-4494 


Send Card Modemis) lam H-3159-7340-953 al $78 
&ach, plus $5 gach Mw (aure ampeg handling 
{[Minnesola residents add 6% aalea lax Sorry. no COD 
eder | | 


i C] My check or money order is enclosed (NO delays oin | 
processung ocdars ped by check | 


i 
L-E—DEIM-T . - 


i aca MO —_—___ Ep I 
{ PLEASE PRINT CLEARLY l 
nan i 
Í Airea Apl a l 
Cily 
I Stale Oe | 
ut i 
| wan Fere ———— ————— ————-—- | 
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PC-LabCard series 


Lab, industrial and Engineering VO Cards 
Sa E a €! 


PC-LabCard ss 


Lab, industrial and Engineering VO Cards 
for IBM PC/XT/AT 


AUPROM + 
9295 . 


For I8M-PC's & com- 
palibles, manu-dnven 
&VPROM programs CMOS variants 
EPAOME ug to 8x ed. and 10 sockal 


for (GM PC/XT/AT 


PCL-714 (14 bits) A/D + DA + DA + DG « 
Timer Counter Card $495 


/PCL-712 (12 bits) A/D + D/A + DH + DIG + 
TimerCounter Card §295 
PCL-720 Digital UO & Counter Card 5160 
PCL-725 Relay à Opto-isolated D/I Card —— $240 
PCL-738 Stepping Mator Control Card $395 taster Iban sonally. — ARN 
5 Mun. i: : 14 Vie an me p pim PCL-742 RS-422 Interface Card $139 connected units (20 A e cnn 
ke PCL749  IEEE-488 Inlertace Card $395 sec for 2784) Bbrcompidte 


* A/D Converter: t4 bits, 16 differentia! channels 
* D/A Converter : 1d bite, 2 channels DS COES ie rund 


« Digital input — : 18 channels, butfered PCL-754 PC Slot Extension Kit S 50 , , 
* Digits! Output. 16 channels, buffered PCLS-700 Data Acquisition & Control Sorware $195 —U 


* Counter/Timer ; 3 channels PCLS-705 Wavelorm/Osciloscope Software — $125 
Software & Daughter Boards Dealer ent DEA ugr omo 


«PC-4o0dS : Menu igi dats acquisition Call for free catalog! 
* UnketScope : Oscilioecope/wavefom analysis 
software 


* Screw lerminal board, relay outpu! board and opto- 
isolated D/1 board available. 


hi Bars 2T'E 
! thry 27518 À and 


^ 
108-448-2104. 
or 207-236-9055 


1460 Tully Hd teg? 


"TTE AVOCET 


TEL: (408) 223-6786 SYSTEMS INT 
1408) DEBET 120 Union St, Rockport, ME 04856 


Circle 19 on Reader Service Card 


Motion Control & 
Data Acquisition 


on your IBM PC or Apple ll BIGM (V UTH 
and al! compatibiaa 

REAL VOICE Digital Recording 

for your PO. X1 AT or Gompalibie 


e VOICE MAIL SYSTEM 


Ful-Foalureg Litera Boos 
e TELEMARKETING 
eNA mpoung and Outbound 
LLapatihites Usern Debnatie Structure 
eS ADVANCED ANSWER 
CAPABILITIES __ 
In!isawre Message For , Tened Caka 
Toyah fpinis Harte 
9AUTODIALER—DATABASE 


Auto Searth aod Sort Auto He-he 


LASERJET PREVIEW SOFTWARE 


High speed software simulation of the HP 
|aserJet* laser printer soft JET allows accurate, 
on-screen previewing of autput. fram ans 


Smart 2 Axis Motion Gontrof ler: mary lypas ol 


applicattomsk including ward pracessars and texi 
motors & encoders. New IC. [Irom HP} allows 
changes & monrloring on y "y Optically rotated 


furmalters Can b run memory resident ur stand 

"M us i | WIS RE 
alone. Att PCL commands are supported Unsere ec Er: With SOFTWARE à mator 
including soft fonts, graphics, rules paners and | tor instant aulomalion. $95 
macros For the IBM PC and PS 2 with CGA. eVOICEPAD" 
BOA, VGA ur Hercules graphics, Voxe AND Sound Ellacis for pour 


$120 00 E = i : d a Thr: 38 
(604) 732-4323 Complete with Hardwire . card solfwarg. 


phone catie ani external a ioe 
iRerat = $23090 

Theta Systems Corporation Pm call (415] 755-1978 for free iRereture. 23099 . cun 

307 - 2150 West Broadway 


E (415) 339- TALK ** 
Vancouver, BC., Canada ( ome P Li. ri Ae En ti is Saar 


Tolking edo! Done Inc. m 
6558 Lucas, Suite JO! Oasan cA 11 
75 Southgate Ave., Suite 6 Modem: pa 755-1524 - 
VEK 4L9 (604) 732-4323 Daly City CA 94015 alax: 1777438 ! i 


rammed gain, 850 KHz, 
to e hardware & SOFT 
lay Driver, Real Time 


Circle 263 on Reader Service Card Circle 260 on Reader Service Card 


6800/6809 | | — —— 


= FOREIGN LANGUAGES 
Micro Modules ON THE IBM PC & PS/2 


(2, ROSE DATA SWITCHES 
a es SPARE computer pine. 
any p3ra&el c aal dece 
; 7] ELIMINATE cable potpoing 
INEXPENAIVE map bo nehat 
(COMPATIBLE auth 
ill Coops tere 
Dutra Schocta Move 
WE ALSO OFFER 
Date Multes. bene Drivers 
er | 


Abc cette. 

Parmlgh - Sane Carrere, 
Cabies Computers Printers, 
Dueh Dite, ann mors 


Use Arabic, Cyrillic, Farsi, French, 
German, Greek, Hebrew, Italian, 
Spanish, Turkish, Vietnamese, étc.. in 


"COTVUPITNE! 


OEM 4800/6809 MICROCOMPUTER 
MODULES for dedicated control and 
monitoring. Interfaces for sensors, 
lransducers, analog signals, 
solenolds, relays, lamps, pumps, 
motors, keyboards, dispicys, IEEE-4B8. 
serial 1/0, floppy disks. 


Wirdek Can 
3 4 
AM WISTEK |o nano 
: | 35 742-8428 


Circle 285 on Reader Service Card 


popular software: WordPerfect, 
Wordstar, WVolkswrter, PC-Write, 
Dbase, Spreadsheet, Basic, Prolog, 
Desktop Publishing. Dot matrix and 
laser option. 

EGAS75 VGASB5 CGA/MDAS95 
Arabic/Hebrew EGAS125 MDAS175 


VN Labs 


4320 Campus Dr., Suite 114 
Newport Beach, CA 92660 


(714)474-6968 
EMA Pycckuit 


Circle 275 on Reader Service Card 


AUTOMATIC | CARETAXER |p ideni [or e busrnega of 
CPt what a preste cet ia igs ragny 

Operation his fully sotomauc with no mwoftware required 
Perel ot Sergi Achannela $299. — Achanrde kss 
MANUAL  HARDSWITCH i operate welt iha tig ol a 
&wilcb 22 amd 24 modal aliove &imullibréous Gort 
ination 

Serai 12 $50. 14 $09 22 $100 va ro 
Paaka — C2 $75 9*4 &uUm 22 $9 2a pP% 
LEC arx ape GC On eed) POCHE dno. 26 

CODE ACTivATED PAJRTER connect one compu to 
up pariphusraks à galtwars code valor c rti peerranaral 
Pürhbikel ae Sara! £cngnnqiA- $205. Bohan $I 
Hute oplign BAK -$100 deed $2580 

REMOTE — TELEPATH connects multiple compultiet In 
fru dioe Ge OA À ee Toe s! Dach ComqQute Or woenmmidd 
croce up ia 4 pe and dupl busy Biro 
44°05 96 SiS secior- $28 

M ghe a Bae fou ee 7835 


AOSE ELECTRONICS (713) 933-7573 
RO BOX T424T! mac whey. e 
HATEN. TE repre — Ie 
CALL us FOR ALL TOCA i 1 HKACE A Pod 


Circle 229 on Reader Service Card 


See how well 
you cam pro- 
gram for 


Z80 or HD64180 


This professional, IBM PC based, compiler is 4 com 
piete «nplementabon ol the "C* Fanguage for the Z80 
or HD64182 microprocessor Includes features such 
as tunchon peetotyping, 31-character names, single 
precision floating point, Tull l'orany source. MBO-LB0 
and SLA Systems compatibility, etc. Hi-Tech™ "C* 
fias been eslablished for years in Australia. Pneing 
from $195 DO. We also have ZBO/HOS4180 ca-proc- 
essor cards lor (GM-PC and PC/AT. Call for a tuil 
catalog ol Microprocassorc development tows 


Z-World E> 


1772A Passo Ave 
Davs, CA 95516 " " 
(916) 753-3722 £80 Specialists 


In Germany, iSyslam Tel; 0813171587 
Circle 292 on Reader Service Card 


LOWEST PRICE 


TURBO XT BASIC SYSTEM ..$329.00 
"4.778 MHZ WPHOENIX BIOS 
* 258K RAM EXPANDABLE TO MOK 
* AT STYLE KEYBOARD 
* XT CASE Wi160 WATT PS 
* 360K FLOPPY W/CONTROLLER 
* 30 MHZ OPTIONAL ..». ADO $15.00 
*1 YEAR LIMITED WARRANTY 
AS ABOVE W/MONO, MONITOR 
& MONOGRAPHICS CARD 
TURBO AT BASIC SYSTEM 
* B't0 MHZ W/PHOENIX BIOS 
* 612K RAM EXPANDABLE TO 1MB 
" AT CASE W200 WATT PS 
* B4 KEY AT KEYBOARD 
* 1.2 MB FLOPPY DRIVE 
"FDHD CONTROLLER 
* 1 YEAR LIMITED WARRANTY 


12006 INTERNAL MODEM .. .... . $79.00 
VORTEX EGA CARD (640°350) . $96.00 
ATI VGA CARO (800"600) $199.00 
SEAGATE 20MB HD WICONTROLLER$265.00 


QUANTITY DISCOUNT AVAILABLE 
CALL FOR OTHER PRODUCTS 


TYSTAR MANUFACTURING, INC. 


214-630-6025 


Circle 270 on Reader Service Card 


SAFEWARE® Insurance provides full 
replacement of hardware, media and 
purchased software As little as $39/yr. covers: 
| e Fire * Theft » Power Surges 
* Earthquake * Water Damage * Auto Accident 


For information or immediate coverage call 


1-800-848-3469 


in Obo call 1-614-262-0559 


(SEBERE) 


SAFEWARE, The iruurancr Agenter fac 


Cirele 23! on Reader Service Card 


HD64180 ou 
CP/M-80 


Develop cade for embedded microproces- 
sors on your IBM-PC using our soflware 
tools and coprocessor cards. Test your 
sofiware on our Z80 and HD64180 
| cuprocessor cards, Execute your CP/M-80 
| development tools at clock speeds up lu 
12,5 MHZ! Use our remote debugger io 
debug in your taget system. Complete 
development systems for less then $1000. 


Z- World 


177 iA Pycasso Ave 
Duvis, CA 03A16 
i916) 753-3722 


In Germany: iSystem Tei: O81 31/1687 


Circle 293 on Reader Service Card 


LNIVERSAL EEPROM 
PROGRAMMER $ 495 


& "a peruality modules; Device icleciion br menu 

e Buh aa Eraser/Tiner opie ($50), Poa paid. 

€ Died icchaxal support, Full 1 rar werrsnaiy. 

$ Stam! ajote dupliculion A wehiy [24°28 pha | 

@ Quick paler ságortilum [27155 user tai ure 

b All 24/23 qun pars tu | adi, CAUS: EEPROMS 

uw Ki41, 7, 4, 8, BOON «Bb. 4C 61, 32.55, 9761 A rmt 

e ID5t-FC, Apple, CPM or Unis driver: Aulobaud R5237 

© CHala Her Binary, Intel & Motors B 16,2 bal 

a kis from 695, Manus eth complete schrmaiks 

Cul joder for wutuatoetr 7f 
BEC MICROSYSTEMS 

15 WEST OLIVE AVE SUNNYVALE, CA iiit 
FH (408) 720-5593 FAK (408) 700-5521 TELEX. 94145 
Tra seri ilyplay ad on paye 2M VISA & C arped 


Circle 33 on Reader Service Card 


» 


ji 
"y " 


a Cash Register/Point of 
Sale/Inventory 

* 100% dBASE III data files 

e Import into 1-2-3, Accounting, and 
mast other programs 

® Interface to Bar Code, Receipt 


Printer, Cash Drawer, Register 


WE CARRY ALL 
HARDWARE, TOO!!! 


ORDER NOW 
(915) 837-7180 


SCH — Box 714 
Alpine, TX 79831 


Circle 235 on Reader Service Card 


Circle 83 on Reader Service Cond 


BULK 5! DISKS 


Double Side- a vee Den. 


100% Tested & Certified Error Free, 
at "Minimum 55% Clipping Level or 
Higher: “Lifetime Warranty" 
Tyvek Sleeves & Write on = 
100 200 
Os wt 32: 


each each each 
DEALERS WELCOME 
Telex "4933362" Fax *405-495- ms 


Charges Vary With Quantit 
Celta — 1600-451. 1849 


* "m dumin a 800-654-4058 
Di kette- 
Annet ion Nevada LES B00: 621: 122! 


Aner Og P ya Marien arce be 
COD add 1Q9 1:05. ere USS Mail fos A 
AM ror Pak) Y atuna io: PAL | PAL 


Qume 


RIBBONS 


Muiltistrike T. 1.99 
Mulosctrike In. 2.05 
Multistrike ID — a55 
Multrstrike Ma. A29 
Fabric IV 4.339 
SuperStrike:«. 3.35 


e Printwheelse 


96 cheracter__3.65 


130 character_600 
RIBBON PRICES PER EACH AT ONE GOZEN 
= Detliwenr e s 800-451. 849 


Di fi ate 1 canons, 1800: 654-4 4058 
enaeel iow Novara 1-800: 6 
[51 


EUM i NE ES rim err 


Orders Acce ted Worldwide 
| 5) D-Side 5l, HIGH 
D-Densily Density 


||95 


S j 


"QUANTITY rein AEE 
k et Dehiware 1 1 800-4 51-1849 

« A Okinnorma 1:800- 854-4058 
Di Mae clion noraga 1-800-621-6221 


E A M LAF ee p Prt 


FH 
b ile eme ui le Phi Pun web! Ca gium atte paran! 


Telex #4933362 © Fax 405-495-4598 
MARCH 1988 + BYTE 199 


oput Editions 


#E $55 #F 


Chips of Note 


Limited Edition Classics 


You've seen them on the cover of Byte — now enjoy 
these delightful images as stunning limited edition 
prints! Each print pictured here is published in an 
edition strictly limited to only 1000 signed and numbered 
prints, and each is accompanied by its own Certificate 
of Authenticity. 

These gorgeous reproductions are printed on select 
100% cotton fiber stock, this is à museum grade acid- 
iree paper, highly resistant to yellowing and cracking. 
You will be assured of a print which will retain its color 
and beauty for generations. 


#A $60 4B $55 


Storage Space 


Intelligent Reflections 


Human Dimensions 


$55 


striking 16" x 20" 
Limited Edition 
Prints from the 
pages of Byte. 
Each print is 
signed and num- 
bered by the artist, 
Robert Tinney. 


Price and Shipping 

The price of Byte Limited Editions, which depends on 
the number of unsold prints in each edition. 1s shown 
above each print pictured here. in addition, a 15% 
discount is available if you order two or more prints 

Your prints will be shipped flat, usually within a week of 
our receipt of the order. Shipping is via UPS Blue Label 


Guarantee 

Ship your prints back to us within 30 days of your 
order, and you will be given a complete, no-questions- 
asked refund 


ac $55 


SS, 


Technological Breakthrough Number Crunching 


Yas! Send me ihe following Byte Limited Editions. 


i“ 


CT | have enclosed U.S. chack or money order. 
O ¢.0.C. (via UP&—stateside orders only) 
O VISA [] MasterCard (1 American Express 


Card #: 
Expires: 
Ship my Print(s) to: 


mail this coupon to. 
Robert Tinney | 

Graphics 

1664 North Pamela Dr 

Baton Rouge, Louisiana 
Signature: — LÉÉ 70815 | 


For VISA, MasterCard or 


" American Express orders, 
Name: or for more infarmatian | 
(Business): Call 1-504-272-7266 
Ackiresa: | 
| Shipping: $4 ($20 overseas) City: | 
: — Siete: Zip 
|} Please send your COLORA brochure | 
ae quA A H ee ee Ee — -——À— A Se eee 


300 BYTE * MARCH 1988 


WNhaft’s New at i fca 


éfectro-mechanical components 


AMERICAN DESIGN COMPONENTS? for the habbyist. 


3%”, 20 Mb, 15 Mb., 54” FULLHT. |5%° FULL HEIGHT BAT 
DISK DRIVES — 1/2 HT. 


48 TPI (IBM* Compatible) | DISK 
D5/DD. 80 Track DRIVES 
Tandon FTM1OO 7 or equa 


hem #7928 $79.00 Mew 


8 warehouse 60,000 Items st 
American Design Components - | 
expansive, atten hard-to-find com- 
ponents for sale Al a traction of thelr 
original cost! 
You'd find every pant you need — 


either brand new, or removed fram 4 

i ; 2i $150.00 new | IGM 
equipment {RFE) in excellent condi- 48 TP (TRS80;Zenith/Xerox | AT Compatible 
tlon. But quantities are limited. Order 800 Compet) DS/DO, 40 Track. | 48/86 TM, 1.2 Mb 


from this sd, or visit our retad show- 
room and find exactly what you 
need Irom the thousands of Items on 


| display. 
OPEN MON. — SAT., 9-5 


THERE'S NO RISK. Mir — Laping ILT200:2000 Mir CHI model CM5619 
With our Full 30-day warranty, ee r553 $199.00 new | noem e14511. $199.00 


any purchase can be returned for SWITCHING 
any reason for lull credit or retund. POWER SUPPLY 


Mindset* Color Graphics 
PERSONAL Dos not xi morituri 


Double side, high density. 180 
uache Mit - Panagarec sJU.475 


ham 210006 $109.95 new 
96 TAI, DOS 3.2 Compet. 


Double side, quad denmty. 
Mir — Tandon TMSA 4 


hem #1904 $79.00 
2 for $1 50.00 
*o- k * è & i 
| Timex- Sinclair. . . 
2040 
PRINTER 


Shugar #450 hem #4892. 


$79.00; 2% $150.00 
48 TPI, SS/DD, 40 Track 
Shugart #SA400 Itam $1896. 


$39.50; 2 tr $75.00 


Di gegen 
gs 
Hen #1803 $89.00 


COMPUTER GRADE 
POWER SUPPLY 


IBM" PC/XT Compatible) 
Removed from working nuire 
ment Tested & larrmattad 


Fits standard 5%” spacing. High 
speed, low power. Comes wiboth 
full St. and hall ht, face plates 


50r&OHr., 12W. - 
Low nose level fans, can be de e 
mounted for blowing or exhnuat. — — 9 


1* Thin: contains 9 plastic nlodes 


Dm.: 3" sq. x 1" d | Other usas- runs CB & car nios. 
Mir - Tol kaanin DC Output -5y @ 5A Comas ready to plug int 
Ham #10960 37.95 nec «24V @ 1.0A DC Guiout — + SV @ .5 amp 
em ` *5Vy @ BBA £t 5V @ 3 amp. 32 column — compatible wrany 


of tha Trax Sinclar computat, 
BS well as cur PC R400 Computer 
Uses standard 44° thera! paper 


non #15851 $39.95 now 


12V @ 6 amp. 
Input: 115V/8OHrz. Cimansions: 
JWW » 3«&^H. IRubber ft incl j 


item #9601 $24.95 new 


1*5" Standard: contains 7 
mata: blades. 
| Mfr — Potran 2757 1 


Input: 115/230 VAC, SO'GO Hz 
Dim .7."7W THH x eco D 
Mir — Xerox 41055980441 


hem #15756 $19.95 Now 


Fast graphics capabilities alow you te 
draw/animate & colo atyects instantly 
266K, w'J6OK floppy disk deve. Contains 


butan RGB carndiMonochome ced, & TY | Fig. 2 EXTERNAL 
| edapter Also includes: Mouse & Joystick, STEPPING MOTORS Pg. 7 , Shalt VA" L IDISK DRIVE 

& is supplied w/GW Basic & MSDOS 2.1 for ROBOTICS. ae x J ^de. | 

nem #18077 $299.00 naw | Precision S CHASSIS 

| Accessories Available imied suppiv! | Pci Hi í7 z^ V e; s 

x NV RAM 8K Cartridge en | en 
| Fiowdes 8K nan-vodalie RAM. i fo E 5 7 md M. "A ^ al M ép 

ten 218078 $29. 95 New 5 prin T. ey = A 

| * RS-232 Module w/Power Option Wee % shaft D's" L Wey d 
p revisee EIS wants PS SERRE BURNS | yeni 210 28A. teh tg" de. 


lace. ttem £15080. $39.95 waw 


s ue. d $39.95 new 


TTL MONITORS. 
fOpen 
| Frame) 


item Step Volta Torque 
Ma. Angie DC  oz/n Typa Mir. & Pw No. Fig — Price 
$431 1 6 17 PM NA Philips 1 $399.95 e 
A82310-M2 2:$14.95 
5275 18 18 72 PM Supeno Electrice 2 $19.95 on. 
26 MOGI FFG201B. 2:/$37.50 


3100 RPM; 6-blade modal; alu- 
minum housing Can be mounted 
lor blowing or exhpust 
Dirnensiong: d.a 38, 4 1 5^ deep 
| NEW — Mir- IMC 

wem 11884 59,95 


^ [USED - Mir: Centauri Hiway 


Can accornmodate: 
2 fult ht dives — ouritern #7928 
2 llaepy drives #1904 
1 harð drive b ltoppy #13250 
input: 115.230¥, 50/60 Hy 
Originally tor Burroughs computer 
Dim.. 117W x B^ x 12^ deep 


ttem 2534& $5.95 | 6671 3.7 12 18 - Musubuh 2 rere tem #1a5a1 $59.50 
Call ar Write with ea see — BATTERIES — 
Supe $34.50 sa. 
Your Requirements! i-inr raws — BLOWERS 


12 ANgh-Res. x Sunessambiies, | MT EGRATED CIRCUITS. . . 14" EGA COLOR 
CHTjbolE & vanstfarmér ind. GOTA ve Static Rams Eproms 8000 Seres | MONITOR (25 Khz.) 
hook-up diagram 2114 45 10244 i45Ó0naà! — $ .99 | 2708 1024 = B à&0nu $4.88 | 8015 $1.46) PC, XT, & AT Compatible 
ham 18811 919.95 New | 2148.55 349 | 2716 2048.8 (450r 349 | BOBS 130 
15" Data Display/Monit , Ki 2149 1524 + 4 id bns; 449 TM$2532  4D8554BHi45Qru — 5.85 BOB5A.2 376 
phanumerr & graphics display. Green HMDTIGLP-3 2648 «811 60na! 1.23 2732A4 75 — 4095» = ~~ hi Ba aval #96 
| width 22. 72Khr Cansists of 2 Bulimia 27654 5182+ 146Gnn 2.95 


nies (monitor & beard. Hook-up diagram | 597^ 295 | 3764425  B1!92a8:250ne — 3.85 6800 Senes 


8107P & 450 | 3784250 8182-81250na!— 3.55 for lanl, 


inci. Mfr — Walls Gardner 9157025. 
Iram 2818171 $24 95 Now MOCMBB?7866 B182<«B1950ne 15.85 8B00 8 * 18.35 | CAD and 
- = Dynamic Rams 27128A 2b ns vac o fe 
15.384 «81250n4 6.00 | 3602 
ADAM Accessories... 4118 200 18.384 +  iZOOrai $ 68 |, oa co = pe Prairie 


Requires à 
25Khz EGA card (Wonder œ corn 
patbiel. Aasalution 752 x 410 

mak Input 110 220V. EO'GOR, 
BOW. (Hook-up duram incl i M td 
in metal housing Mir #14 GZF2 


Inn #49864 $179.00 new 


AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 EROR 


4116-780 15,384 x 7 1250m) 49 — 
4184.!50 65, 528 04150 128 | 2:c3&B ee ee, Crus air 
TMS4 164 85.538 » 1 tfa 195 32,788 »8:2580na] 7 55 CRT 
M54418 16,384 xd t60 $765 | 27256 

4464.160 85.536 »4:55O0na] 4.88 32 708:81250m 595 Controllers 
8118 18,184 ^ 5 (t20m).— 48 | 77812 MDAMSOSSP $A 50 
| 41258 750 282.1442 51600) 2.55 BS 536 x 8 r25Ónal TM5532 164 18.35 


Adam Computer (Lass printer } — 
NO wining nicintiany lust plugs together. 
Hook-up diaga inchaded. Incl. keyboard. 1 
cassette digital data drive. 2 game controllers, 
powe: supply & one cassette. Capable of run- 
ning CRM, has Dulft-in word processor. 

lem #7410  Comyye!s — $99.00 
Adam 5%" Disk Drive — 
Gives your Adam fret, igliaole dma storage 5 


i arte a m ni" | YESI Please send me the following items: M] My check or money order is enclosed “ths 
Connects directly 10 your Adam memory | Hem How [.] Charge my credit card. a 
console Comes w/ditik driva power supply. No. Many? Description [1 Visa |. Master Card Amex Byte- 3B8B 


Diss. M Menage disk, & owner's manual. Card Na 
Mfr ~ Coleco #7817 T NN  — | 
lam #12830 Like Mew — $199.00 Exp. Data 
Data Drive — «ems85a1 $19.95 Signamre 
Printer Power Supply — 
Item #6642 $74.95 Telaphoa: Area Cade Huritt 
Ardara Gatien tee m- | — Total — CREE 
Ert ey cri n em Smpiny & nanding. we ship UPS unless E 
BAKER'S DOZEN - $19. 95 Es m apre — «d 53 X im Ps Address 
Adam Link Modam [Sottware incl.) — Fap -a Se ue tme i a City 
hem #12359 $29.95 th a i ae 
A Deisy Print Pr one passe ack? 6% of totaly Susu zin 
Tu item ^ 13306 $3.95 ORDER TOTAL A inquires and free catalog requests cat 201.939.2710 
Adam Ribbon Cartridge 


tam #14308 $3.95 For ec orders, calf TOLL-FREE 800- 524-0809. in New Jersey, 201-. 939-2710. | 


| HAPPY 
E NEW YEAR! 
ORDER DESK ONLY 
| OEM INQUIRIES 
WELCOME 


“825 esiowoUrsm 599 


) 872- 8878 23-9977 (213) 217-8912 
(0-K MEMORY) 
188 WATT AST" ADVANTAGE!’ 


SWITCHING POWER SUPPLY MULTIFUNCTION CARD 


What a DEAL at $25.00! FOR YOUR IBM PC/AT 

Serial, parallel and game port standard 128Kb 
memory expandable to 1.5 Mb Piggyback allows 
expansion to 3.0 Mb. 


On/off switch in the front. Built in fitter for easy 
power cord plug-in. Two 4-pin power plugs for 
floppy and/or hard disk drives. Large quantity in 


stock, but ORDER NOW: WHILE THEY LAST! Board with: 512K Memory............... sss. $175.00 
ee mike - aod cac TMb Memory..................«...... 9235.00 
Output: +5.05V at 22A 1.5Mb Memory ...................... $299.00 
*12.02V at 4A Option for 2nd Serial Port ............sssssses $ 20.00 

-120V at 1A We bought these from an OEM — BULK PACK. 


412.59 Reg., 1.5A D.C. 


Dim: 13196 X SAW X 234H So, no AST" box or manual. We supply our own 


manual. 1 Year Warranty. 


THE SPY IN | 


NIPPON PERIPHERALS | at FEET DAUES S THE SKY 
| OLIVETTI 
FULL HEIGHT HARD DISK DRIVE “The Quatost Davo" — | NEC UPD791D 


$65.00 (CHARGE COUPLED DEVICE) 
7 5 0 G 360K DS/DS 1/2 HT. 4096 ELEMENT — 
i — a—MÓÍQÓ— This unit is a 4096 element linear image 


sensor ihat comes with a pre-amptlifier board 

QUME and A/D beard The device can be used for 
TRACK 142 optical character recognition, document 
a 10 Mb Unformatted scanning or as a spectrometer. 


$65.00 
gu pe Me Formand same || sex Cave weer. || LINEAR IMAGE SENSOR 


TTT 


WITH WESTERN DIGITAL v; CARD REMEX —' 
AFD 480 


$449.00 |= 22... | $99.00 
SCSI CONTROLLER ADAPTEC 4070A FULCRUM TRACK BALL 


S * Stationary Mouse 
99.00 * PC Magazine Editors E89 
I/O for the ST412-506 interface using RLL encoding First Choice for CAD Use 


ORIG. PRICE sag “Makes all other Color 
NOW $499 NEED A Monitors look like faded 


I Re eee RE 499 curtains against this profes- 
‘ih ant eene nnne 449 COLOR MONITOR sional graphics display” 
500-999 Ep FOR YOUR i 1 YEAR WARRANTY 


1000 + TM ASK ABOUT OUR COLOR 
(NO SHORTAGES HERE!) MAC I] Y MONITORS FOR IBM PS/2 


Minimum Order: $25.00. Shipping & handling charges via 

1490 W. ARTESIA BLVD, GARDENA, CA 90247 UPS Ground: $.50/ib. UPS Air: $1 Q0/Ib. Minimum Charge: 

Continental U S.A $4.00. We accept cashiers checks, MC or VISA, No personal 

(800) 872- 8878 check COD's, Items reflect 5% cash or check discount. Califor- 

Inge Culitornin LA Ame & Technical info nia residents add 617%) sales Tax. We are nol responsible for 

y typographical errors. Ali merchandise subject 1o prior sale. 

(800} 223-9977 (213) 217-8912 Phone orders watcoma. Foreign Orders require special 
1594 flestockina T tor returned orders. handling. Prices subject to change without notice. 
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The Amazing A-BUS N% 


Plug into the future 


With the A-BUS you can plug your PC (IBM, Apple, 
TRS-80) into a future of exciting new applications in the fields 
of control, monitoring, automation, sensing, rabotics, etc. 

Alpha's modular A-BUS offers a proven method to build your 
"custom" system today. Tomorrow, when you are ready to take 
another step, you will be able to add more functions. This is ideal for 
first time experimenting and teaching. 

A-BUS control can be entirely done in simple BASIC or Pascal, 
and no knowledge of electronics is required! 

An A-BUS system consists of the A-BUS adapter plugged into 
your computer and a cable to connect the Adapter to 1 or 2 A-BUS 
cards. The same cable will also fit an A-BUS Motherboard for 
expansion up to 25 cards in any combination. 

The A-BUS is backed by Alpha's continuing support (our 11th 
year, 50000 customers in over 60 countries). 

The complete set of A- BUS User's Manuals is available for $10 


An A-BUS system with two Motherboards 
A:BUS adaptar (EBMJ In foreground 


About the A-BUS: 


€ Aj! the A-OU5 cards are very easy to use with any language lhat can 
read or write to a Port or Memory In BASIC use INP and OUT ror PEEK and 
POKE with Apples and Tandy Color Computers) 

@ They ara all compalible wiih aach other You can mix and match up ta 25 
cards to fit your application Card addresses are easily set with jumpers 
* A-BUS cards are shipped wilh power supplies (except PD-123) and 
tietailed manuals (inciuding schematics and programmmg examples) 


Smart Stepper Controller sc-149:$299 
World's finest stepper controller On beard microprocessor controls 4 
motors simultaneously Incredibly || accepis plain English! commarkds like 
"Move arm 10 2 Inches lelt” Many complex sequences can be dafined as 
"macros" amd stored inthe on board memory For gach axis. you can canyi 
cpnrdinate fretativeor absoiulel ramping. speed step type ihah ult, wave 
scale factor, unils, holding power, atc Many inputs 8 limit & "wait nbl" 
switches, panic bution, etc On Ihe fly reporting ol position speed etc. On 
board drivers (3590 mA} f smail steppers (MO-103) Send tor SC-149 flyer 


; Remote Control Keypad Option RC-121:548 
r RE-140: $129 k 
includes sight pe PS : amp conlacts SPST} a Ta contral the 4 motors direclly. and "teach" sequences of mations 
controlled and latched. B LED's show status Easy to use (OUT or POKE in Power Driver Board Option PD-123: $89 
BASIC) Card address is jumper selectable Boost controller drive tc 5 amps per ohase For lea motors (eight drivers) 
Breakout Board Option BS-122: 819 


Reed Relay Card RE-156: $99 
Same features as above, but usas & Heed Relays Lo swilch low level signals 
(20mA max) Use as a channel selector, solid state relay driver. etc. 


Analog Input Card AD-142: $129 
Eighl analog inputs Q ta --5V range can be expanded to 1 00V by adding a 
resistor 8 bi resolution (20mV). Conversion time 120us, Perfect to 
measure vintage, temperature ight levets. pressure. etc Very easy 10 use 


12 Bit A/D Converter  AN-146: 8139 
This analog to digital converter is accurate to 02596 Inpul rangsis —4V to 
HY Resolution 1 millivolt The on board amplilier boosts signals up to 50 
times toread micravelts. Conversion time is 1 3üms Ideal tor thermocouple, 
strain gauge, elc 1 channel [Expand të channels using rhe RE-156 card) 


Digital Input Card IN-141: $59 


The mght inputs are optically isolated, sa it’s safe and easy to connect amy 


RE-140 


Foreasy conaection al 2 motors 3 ft. cable ends wilh screw terminal board 


Stepper Motor Driver ST-143: $75 
Stepper molars are the uliimale in molon contra The special package 
(below) inctudes everything you need to gel familiar with them Each card 
drives two steope: motors (12V. betiractional 4 phase 350mA per phase) 
Special Package: 2 motars(M0-103)+ST-149 PA-181: $99 


Stepper Motors mo-103:§15o0r4tor$39 
Pancake type 24a" dia. 'A" shali 7 5 /sieg. d phase directional 300 
step/sec. 12V. 36 ahm bipelar. 5 o7-in torque same as Arpas K82701-P2 


Current Developments 
Inteltigan! Voice Synihesizer 14 Bil Analog to Drioitat converter 4 Channel 
Cagilal to Analog converler Counter Timer Voice Aecogarlion 


A-BUS Adapters for: 


P PL IBM PC. XT AT and comoatibles uses one shaw siot AR-133 $69 
onfoff" devices. such as switches. thermostats. alarm loops, etc to your 
k Tandy 1000. 1000 EX & 8X, 12700,3000 Laesnna snars — AR-133 $69 
T he eigh : I 1C (NP (pr PEEK ¥ i 
computer To read Ihe eight inputs. simply use BASIC INP (or } Apple tt +, le v AR-134 S49 


24 Line TTL I/O DG-14B: $65 
Connect 24 input or output signals (switches or any TTE device} to your 
computer The card can be set for input. latched oput. sirobed output. 
sirobad input, and/or bidirectional strobet 1/0 Lses ihe 8255A chip 


Clock with Atarm CL-144: $89 
Powerful clock/calendas wilh battery backup for Time, Date and Afarm 
selting {ime and date): built n afarm retay. led and buzzer. timing to 1/100 
second Easy te use decimal format Lithium battery included 


Touch Tone? Decoder PH-145: $79 
Each tone is convertad into a number which is stored on ihe board Simply 
read the number with INP œw POKE Use for remote contro! projects, etc 


A-BUS Prototyping Card v Pn-152:s15 
3% by 44% in with power and ground bus. Fils up fo 10 LCs 


C.O.D. add $3.00 extra. 


TRS-80 Mode! 102. 200 Plugs mio 40 an “system ous" AR-136 $69 
Mode! 100 Uses 40 pin socket (Sccketigdupicawdon adaos — AR-135 $69 
TRS-BO Mod 3.4.40 Fis 50 pio bus (Withhardagh use Y-cablei AR-132 $49 
TAS-80 Windel AP. Includes ectiacable (50 oun bus s recessed! — AR-1397 $52 
TAS-50 Model | Plugs into 40 pn UO bus ca KB o En AR.131 $39 
Colo Computers (Tandy) Fils ROM siot. Multipak w Y-canie— AR-138. $46 


A-BUS Cable (3 ft, 50 cond.)  CA-163; $24 
Connects tha A-BUS adapter tà one A- BUS card or to first Motherboard 
Special cabta for two A-BUS cards: CA-182: 834 


A-BUS Motherboard MB-120: $99 
Each Motherboard holds jive A-BUS cards A sixih connector aliows à 
second Motherboard lo be added to the first (with connecting cable CA- 
161° $12] Up to five Motherboards can be joined this way to a angia A- 
BUS adapter Sturdy aluminum trame and card guides included 


Add £3.00 per order for im ali Techmcal infa (203) 656-1806 
Seas ffA ALPHA Products EY" dnress 


Caneda: shipping is $5 
Overseas add 10% B Segara induairma Company 
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242-8 West Avenue, Darien, CT 06820 


Connecticut orders: (203) 348-9438 
All fines open weekdays 9 to 5 Eastern time 
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The Ultimate 
Diskette Value... 


Discover the 


Difference ... 
2 FOR ! LIFETIME WARRANTY 


^ Pgd in & diliecant colors, hak or bored COLOR 

J^ Backed by 2 l'or 1 Lileime Warranty 

s” 100% tesiad and certitied 

»* Made Io axceed A N.S! specs by 52 5% wth a 
guaranteed chpmng level of 65%. or above 


J Includes tyvek envelopes [nol paper]. «nle proleci 
tabs and user fabels 


+ Brand-neme quaily at altordabie pices 


5-1/4" - 48 TF] OSHO 36 TPI 
05-00 IHM-AT Compalible 


BULK 
49 COLOR 9 (i 
E OR GRAY = 
5 93 BOXED & 3 
= COLOR ry 


America's 


WCenTech’ Premium Quality 


Color Diskettes 


£ TIMELESS WARRANTY 

V 7555 clipping level guaranteed 

f Performance axceeds A.N.S.) spec. by 88% 

y! Each disk 109% tested ond certthied 

7 15 COLORS fcr dais organizanon 

v! Pkgs includ& Tyvek sieaves, wip labs. & iD labels 
5-114" - 48 TPI D5-HD 96 TP! 
os-00 IBM-AT Compatibts 


J- 1/2" - 133 TPI 
BLACK DS-HD 


ws 4.90 
STORAGE BOX " 


Call for 
best prices! 


BASF 


DS-HD $8 TPI 
48 TPI DS-DD — 1BM-AT Compatible | 


75 — 125! 


3-1/2" « 135 FPI 
DS-DD COLOR 


1.75 


5-1/4" ~ 48 TPI DS-HO 96 TP! 
Ds-o0 a k* Compatible 


50  €$2..:1.00* 
e ^- BOXED | 


5-1/4* DS/DO 48 TPI 
Fycaeds ANS! specifications 
+ 6 FOR TYVEK 


ORDERING INFORMATION 


TERMS: & C. orders accepted, gavamman and schools on 
rei 30. SHIPPING: U S. orders add $3.00 per 100 disketles 
or iracion harea! add $3 00 lor COD orders. 

PRICE PROMISE: We will batter ary lower delvgred price 
On Ine cama prodocis and quaniies advised nationally 


Tali Free Order Line: | Information Ling: 
| 1-800-233-2477 
SBisc INTERNATIONAL 


535 U Pek F GO OB OA MN! 
raTa A. ee G. i AEAT JOO AH. UT MOEN 
HAS BA TC apti (RT TIME, 
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Ncw ga! populo speech (ec 


1-801-561-0032 | 


93050 IEEE 458 (HPIB) io ST506412 Controtier 


1490 SAS) ig SMO ContoDet =... 


¢ Controller manuals $5 each 


Compiriar Surplus Store 
Phone 406-434-1060 
FAX 408-424-0831 
-A iglex 1561447 
MC/VISA/Discover/CDU 's 


^ SPEECH THING ' 


For all PCs, compatibles, laptops 


CLEAR, CLEAN, 
DIÖITIZED SPEECH à 
MUSIC, UNLIMITED 
TEXT-TO-SPEECH 
Anaches outside 
the computer. 


& i^ ONE Mo- 
duct! Soeech Trung a à luli. featured 8 bit 0. A sound 
comeier Fay olfoches oytiige Ine compulec-no 
sols requred Solftwoe includes prisrpcerded 
speech vocobuloanes, synthetic Jeri fo speech 
(peck ony ASCII lex), Gamo programs, and cam- 


Quitee Speech Ming lor sound output ) Only $79 95 
Patented pice/patomance breckintougns! 

TO ORDER BY MAIL Inciuae $4 sipping & handling 
($6 Canoga. $12 overseas) per order visa, Marler. 
Cord phone orden accepted JO day money Dock 
Qguorantee. one waronty Ciha voice i O sys 
lema ogvoltobie Apple, Commodore, art Aton 
compulaen. 


COR Oo wile Joooy Ic FREE Product Catotag | 
COVOX INC. (503) 342-1271 


6?5 Conga Si. ugane. Oregon 97402 | 
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GRAPHICS TOOLKIT 


COMPATIBLE WITH 


PC/XT/AT AND NEW PS/2 


LIMITED INTRODUCTORY 
$59. 35 OFFER (AOD 63 G/H] 


SUPPORTS NEW YGA GAARPHICS MODES 
50+ FUNCTIONS 

SUPERFAST SRVE/RESTORE FUNCTION 
FREE LISTING UTILITY 

DATA COMPRESSION ALGORITHM 

ALL SOURCE CODE INCLUDEO 
ROUTINES WRITTEN IM MICROSOFT C 
BNO BSSEHMBLER 

ND ROYALTIES 

PROGRAMMER SUPPORT PROVIDED 


DEVTRONICS, INC. 
1571 MEIM STREET 
ATLANTIC BERCH, FLA SERSS 


ORDERS OMLY« 1-688-332-4238  VISR/MC/RMEX 
TECHNICAL INQUIRIES: (9041 241-3081 
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FEATURES 
M Ok and Orbe emulator up Lo 12 MB - slanderd and 
Caeuerts veri 


E Cavutus verum Jvataote ving Sil or Pete 
tacheoioqy ro FERRE 
on » KETE and aman coe 


m Progoerarag ulke proviced for IOS 
Eu-—— and File modes - opere un co four units 
o 


- hey EPROM programrung APTONIA Gy TEOR fr 


D industrial control, instrumentation ana Corn 
tes WAENI In environment nasus EO asks 

B UNEIA remote sre es 

a Dimes OC frit 
atobat 


LIE prices from Tags OCE-19000 10 $1295 IPCE 1 2108 
CURTIS, INC. + 612/884-5064 
10 Anemones Circia 


Bt. Paul, MN 21, 
OM A a CRIEEECT tragemars Of IN. C 
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"EXACT TERMINAL EMULATION 
AND COMMUNICATIONS SOFTWARE” 


e PRECISE EMULATION OF THE 
DEC VT52, VT10O, VT102. VT220 

* EXPANSION MODULES FOR 
OVER 40 EXACT EMULATIONS 

* 3 FILE TRANSFER PROTOCOLS. 

æ EASY TO USE, QUICK TO 
INSTALL, AND MUCH MORE 

© IBM PC. XT, AT, PS/2 

FOR INFORMATION 

800/548-9777 "UA 


SOFPTROMEOS 
309/599-9540 
TELEX 450236 


Circle 243 on Reader Service Card 


EPROM PROGRAMMER 
$349 


THE £P-1's A GREAT VALUE & HERE'S WHY: 
» READS PROGRAMS, COMES OVER 300 EPROMS AND EEPROMÉS FROM 
23 MANLFACTURERS. MELING ZPE 2753, Aia ROSE, M 


» READS & WRITES INTEL. MATTORQLA, STRAJGHI. HEX. AND. GINAIP 

« DPTIDRAL HEADS PROGRAM INTEL BMX 751 SACS! EA? ES 

~ LEHU DANEN CHIP SELECTION Fi MEG A FH NO SORES 

m FAST, SION, QUICK PLESE PROGRAMMING ALGOMA THES 

«SPUTS FLES EY BASE ADORESS AND ODIOKCVEM (5 & 27 RIT] 
UE 730 MCADP ADC SSOA 


* B BALD RATES M 38 UU 

© GENERATES CHECKS CHECKGUMS 

a TWO FREE FRR UPDATES 

+i FRASERS FROM $3495 
CALL TOOAY FOR MORE INFORMATION 


Fial trL la 
BP. ROSYSTEMS 


800725 2w]2? 713461-9430 TELEX (Saar? 
OEA HACCHNGTOM TX) HOUSTON. TX. TNN 


Circle 44 on Reader Service Card 


ge 


| i I 


Presto! 
A Link to 


- Mainframe 


Ce TE are 2 
Bum tk Graphics 


Few ogt Iure our whole amily ol 
EML-TEK grephic terminal emulatuin 
miwa makes good sense far the work vus abe. 
Call malay ter more informaten. 


(214) 995.3900 
1800| 962-3900 (800) 972-3900 iCall.) 
1080] Dale Se. Suite M-I 
Samin, CA 90680 


Circie 99 an Reader Service Card 


ATTENTION p*cad USERS 


Now you can increase the product- 
ivity of your software by using the 
new... 

RAPICAD buffer/decoder. 
Two buffers in one unit with parallel 
and serial in/out. Up to 1 Meg total 
memory. 


NO EXTERNAL DECODER 
needad any more... because 
RAPICAD is fully pcad box compati- 
ble and software transparent, allow- 
ing the use of p'cad and any other 
m tware with any printer, plotter, 
aser, etc. 

Prices as low as $995.00 
aie:  INTECTRA Inc. 
2629 Terminal Blvd. 
Mtn. View, CA 94043 
(415) 964.5018 


‘Serial Data $495 


DataScaut'* 


turns your PC." mm iii me 22 | 
into a tool for = ~ 
solving AS-232 im iL 
id mm um]. 
pd 


interfacing 
problems. 
Featuras: 
Monitor fuli duplax async data 
* Log Monltored Data to Disk 


pu 


Post Acquisition Analysis 
inject Data in Either Direction 
Integrated Breakout Box 

8 LEDs Monitor Signal Levels 
Simple menu driven interface 


HiTach Equipment Corp. 
HTE 9560 Black Mtn. Ad. 
| San Diego. CA 92126 
(619) 586-1892 


Analyzer — "rev 


SSE and Communications Program 
E 2 Ade BM XT, AT, PS/2 and comppiibies 


vimus a YTM ma H 


VT240 Smart Terminal Emulator 


VT241 


$295 sma 


e Pcr mode on Oe CGA, 
i X LI 
plus your PC — ^ ^ ii Pese saen 


Ful Toona a 0^1 5, «ael and | 


or compatible «us papaa appen 

ALEAT md ES EETIET un 
eUnpermane Bas Ne/One and 
VAIS Sermos for MS-DOS agpi- 

Also avaliable VT220. VTI00, O400, 4014 

emulators and ihe PowerStation™ VT200 style 

keyboard. 

KEA SYSTEMS LTD. 

Soie 412. 2150 Wes? Broarfegy Veo OC Canada VC 9 

Fades 04 212.7401 Tig 06582848 VER Fac (BO) P3715 

Order decr ADUA Todi Free 


JU day maney Dact parece AMEXIMCTSA 


Circle 137 on Kesder Service Card | 


9-Track Tape Subsystem 
for the IBM PC/XT/AT 


Now you can exchange data Files between 
your [BM PC and any mainframe or mini- 
computer using [BM compatible 1600 Bil 
9-Track tape. Unit can also be used for disk 
backup. Transfer rate is up to 4 megabytes per 
munute on PCs and compalibles. Subsystems 
include 7 or 10 t° streaming tape drive, 

tape coupler card and DOS or XENIX 
compatible software. 

Drees stari at $2,995. 


LIUBLSTHR, 


9621 Irondale Ave , Chatewerth. CA 91311 
Telephone. (818!) 882-5822 


Circia 221 on Reader Service Card 


16-BIT RESOLUTION 
ANALOG-TO-DIGITAL 
CONVERTER 
12,000 SAMPLES/SEC 
tor IBM PC, XT & AT 
SINGLE PIECE PRICE 
$475 


We manufacture a broad iine 
Of data acquisition and contral 
hardware ànd software for Apple 
and IBM computers. 

Call for quotes on custom 
hardware or complete systems. 


LAWSON LABS, INC. 


5700 RAIBE ROAD 
COLUMBIA FALLS, MT 59912 
406-387-5355 


Circle 14] on Reader Service Cand 


E TLX-9102404712 


Circle 81 on Reader Service Card 


El DISKCOTECH 


WORLDWIDE SALEII 


WHY RISK THE WNKNOWN...when you can get 
premium quality disks fram the Leader and | 
Inventar of magnetic media... tor lessi! 


a ee een oo A, oo ge do eee À 
wr Sree iFades PX. duck] db ae a 7n LULA de LIP TIE AERRARIE d 
F i T EI li | | i | 
E | | Th oa " ] à 
j uw i = 
| W 


5.25" OS-00 Diskees: — 
OS-OD-48TPl............. 


f OS-DD-48TPI cae ........ 


DS-HD-96TPI "AT" color .. . 
4.5" 05-00 135 TPI: 

DISK-KING ............ 
DISK-KING Cor... ...... 


Al 5T iirin art egies an | pee eee coh posed 2) idiwni 
apis COLOR MENS IN AAINDOW AXSCNTMEM? 
EE A ELTE LEUR — 
[ J erry "a =a r 4s ! 
| = ES S | E T E iis 


í 
"m - i ict eM M = I — 


DS-BD-46 TPi §.25" D8-HD-38 TPI 
.F5 Plastic Library Bor 1.25 
.59 Color Bulk 1.19 

DS-00-136TPt....... 3.5" ,..... 0S-HO 135TPI 

$1.49. asic | inary Box — 3.90 


b 
a 
-=E 
.J 
x 


"7 Fu. ed 


" FE ""ER BR?" «x —— UU — a» ?- "T7971 


«50 3Msmpgiad ........... ss. 
.52 JM's No L eee reer eee eee 


ee RR Oo E 


3M Headcln Kit 3 58 ....... llli. ee 
3M Mag, Tape 1200 w'/seal.,...... 
jM Mag Tape 2400 w/seal....... 
DC-1000 ,,.., 12.78 DC-300XL/P ,, 
QG-2000 , 17.25 DC-BO0OA 
j z- A . PRE! 

— F Ay Cee oo 1 
| 5.25" DS-DD in Plastic Library Case .......- 


wrer rpt 


5,257 DS-HD-96 TPt e»t), 

350" DS-DO-135 TPL... 
525" D-DD BASF No Logo. . ....... 
5 25" DS/DD-AR TP! ..... = | 

5 257 DS-HD-96 TP ..... PES 

5 25" DS-DO-96 TPI ...... | 

350 05-00-35 TP ..... AMT 


» 


bz 


ja.. » eee oe B 


Wrippleg: E6100 of emar dai) Formen crow. APT) FPO Poiti fet Paneg 
peng on erga Quarles HAA, E am. To & p. (mounn Curia 


Tall Free Order Ling: information Line: 
1-800-523-9681 1-801-572-3589 


FAX-801-572-3327 


i1 DISKCOTECH 
DISKCO TECHNOLOGIES. INC. 


P.O. Box 1339 Sandy, Utah 84092 
MARCH (988 * BY TE — MIS 


MICROMINT’S Gold Standard in Single Board 


cit | | 
BCC180 — $395.00 


MULTITASKING CONTROLLER 


Tr fle ium s Tub on 


ImageWise" 
Serial Digital imaging Sysrem 


Computers & Controllers 


BCC52 —— $199.00 +s 


BASIC 52 ComgnterlContrzoller 
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Pe A ma depemür — am bere te ered ce 


DASI 180 CentticuprTeeTiE nc tait and LPS THIFLAME HB. Get w Tar bik piin en PY CPP iai Ton anis Hah 
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NCCI,0-1 it Qunangipr yel. DÀAL unio Moser DC jie om * uS eae AR MA bary al me [RC St tn Rt 


SBISOFX —— — $409.00 


Singje Board Compler 
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BCCII 


| Basic Comores 


P Comumm onm «Sob s ohb 
| ù -f7 
= BCCIL* 
BAHH Spuer Comriler 
b19,08 
mae 


* NOE LARS IN IQUSTRUJ. TLIESIATUBE RAROE — Cals Oe PLATE 


BCC22 


$249.00 
Verm-Mibe Sanit Terrmánal 


Por pey 1X ce rese Xn 4 terns serra” fe TEEPE $T ofer wem, dh ni ier 
bolling un + angie boan) low le Van flee anc 
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V ic depu c Tulf cus 
* qi boned e f Mattar cn 
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= 
European Distributor: 
LB. Designs 


Cirencester. Glos. England 
Tel: 0285-68122 


sh i bira 1 en acum E d mi 

viden =a—<—_ E Ae Manufacturer Representatives: 
i nL en m Access Technology 
Maime sonn ira lutea Placentia, CA 92670 


GTI80 —— $395. 00 


iitephics EDapLry Sater 


Tee OT 090 ban be i TTL 
£o 1201 Greer: hore 
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cone iom ies an IA pe, 
hpx unit? 
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sik tarea) and melincan (MIS PCM ci ard rote compatifle Asia] BIOS. hw deenktinment «f Itc 
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Tel: (714) 996-3917 


Microtuture 
Fremont, CA 94538 


Tel: (415) 657-0264 
| mr — n —-.- — 0 "m A 


To order call 


1-800-635-3355 


Y lnscn 

dori cates Verfus nm 1 . 

Ps ae E for technical information 14203)-87 1-6170 
LIU BERAE E i Takin ^e AT Dm C a CAM TIR. FEATURE 
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CAI 8MHZ 
BASE SYSTEM 


* 256K {Optional 640K 
* 150 Watt Power Supply 
* AT Style os 
* 4.77 or 8 MHZ 
ard Selectable 
» FDC Controla 4 Disk Drives 
* B087 Socket 
* 380K Floppy Drive 


$36900 


OFTON A 
12" Mone Amber — 


Graphics Ca 
(cdi pori 


1498€ 


"Js 
CAT 286-10 
BASE SYSTEM 


". 2 120 NS) 


ar Supply 
3 T AT. $t mc ad 


=» Western Ital a OUR 
» Teac 1. 2 whi 
* Legal Blos wimanuals 
a Systems Documentation 
* 1 Year Warranty 
*& Clock Calendar 
" 10 MHz - O Wall State w/TOQ NS 


OFTION C AT 
12^ Mono Amber Monitor 
Graphica Card 


r past 
29 Meg Hard Orive 


31325% 


POWER SUPPLIES 


= 150 Walt 
» UL Approved 
* Direct PC EL MNT 
Ü 


3¥2 DISK DRIVES 


Requires DOS 321 or Above 
f20k wimounung Brackels 


DFTION & AT üFTMN & AT 
12" Mono Amber Monitor 6402206 Color Monitor 
Graphics Card Graphics Card 
wiper pori wépar port 


$126500 


12" Mono Amber Monilar 
Grophice Card 


wiper port 
20 Mag Hard Drive 


DFTN p 
6600200 Color Maniiar 
Grephies Card 
mfp&r pori 
173899 


HARD DRIVES 
A Seagate 


COMPLETE KITS 


$T225 20Meg wicent. & Cables , 
$1238 30Meg wicont. & Cables ,.. 


MODEMS ok 


EVEREX 


EV-920 EverCom 12 300/1200bps . 

E¥-§40 internal 300/1200/2400 

EV-945 External 300/1200/2400 
,..29ge | EY Pocket Modem 


$1251 40Meg ' HT 40 Mil w/soltware 42999 
$T4051 40Mag Full HT wisohware. . 459% 
ST225 A ST234 coma with Western Digtal Controllers 


TAPE BACKUPS 
——EEVERE X- 


40Meg Internal XT or AT ., ..... 
TEAC 


60Meg Interna! w/Qic-02 . 


60Meg External w/Qic-02,.... 


LOGITEC MOUSES 
Logitech C-7 Bus or serial 
Logl cadd Mouse & Cadd 149 
Log] Publisher Mouse & Publisher 12a" 
Logl Paint 11999 | 


Irwin Tape Bach Up 
MOD (Meg — 229 
FLOPPY DRIVES 
Qume HT 380« Te 
Misus 1 205 TS 
Toshia 720k 3 ieee | 
Tandon TM DI 26 Maps 


MITSUBISHI 
1.2 Meg Disk Drive 


s 5%" Black Face Drvo 
+ Hall HT Floppy 
« New - 90 Day Waranty 


List 19999 Mead 7999 


List 299% 


intel Above Board TAHDON TM100-24 E á T- 
I4 Y 7 on ugue e PET 
F used by | 7: à 
* Provides i ‘Expanded & » Full Height » Mouse System Compalible 

Extended s o as, 8 ge 0 » 3 Buran Mouse 
cist Mead's 
dist S459 Maad's 19900 


ALL TRADEMARKS ARE REGISTERED 
with thelr respective companies 


800-654-7762 


SALES 
TAM —BPM PST 


702-294-0204 


Customer Service + Order Stalius 
S9AM —4PM PST 


Circle 157 on Reader Service Card 


702-294-1168 


VISIT OUR SHOWROOM 
30 Minutes fram 
Las Vegas 


1200 Baud wiBitcom t yr Warranty . 6900 
1200 Baud External. 1 yr Warranty 119% 
2400 Baud Interna, 1 yr Warranty 14909 


COPROCESSORS 


intel 8087 5Mhz . 
Intel 8087 A8Mhz 
Intel 80287 6Mhz 
Intel 80287 8Mhz 
Intel 80287 10Mhz 
intel 80387 1&8Mnz 
Intel 80387 20Mhz 
MEMORY UPGRADES 
41128 iSONS 
256k 100NS 
255k 1Z0NS5 . 
256k 150NS 


LIQUIDATION SALE — ALL ITEMS LISTED BELOW 


30% — 80% OFF LIST PRICE 


MEAD Computer has just purchased these items from an OEM at a liquidation price 
We are passing these savings and warranties on to you! 


TOMEG HARD DRIVE 


* Full Heighi/Factory Fresh 
* 80 Mil. Sec 
* 3 Month Warranty 


RETURN OF A SELL QUT 
L01500 EPSON TRACTORS 


* Epson discontinued Ihese out Mead 
has acquired lani 450 unis 


Mead 4996 


Epson Bar Code Reader — Cail 


10900 List 9992 
Mead 


MOUSE 


FAX 


US Robotics—Complus—AddA. 


List 88902 


1000 Nevada Highway e Unit 101 
Boulder City, Nevada 89005 


1092? 


DIAMOND SCAN MONITOR 


MITSUBISHI” 
ELECTRONICS 
* 19714 » EGA.CGA-PGA-MDA 
s NTSC Video = 800x560 


Mead's *5()900 
EGA VIDEO CARDS 


EVEHEX EVBS7B Autgzwilch 
EVEREX EV657 Auloswitch w/par 
EVEREX EV660 PGA 

ATI! EGA Wounder 

ATI VIP 


1396" 
14938 
pages 
2gges 
30905 


Werhinm Digital 
Controllers 
we ! ndm a at Jp 
wr) PD aT Me 
Whe MO A Po 
pan Y tip 
SAM HE, Re à" PL. 


Seger dr ger 
BLAÁILS Sa rt 


JM Equivalent Data Cartridges 
» DO 300 XLP 
ds Me (450 n 
" Individual apped 
* 5 Year Warranty 


Lisi 364 Meads 1490 tà 


NEC COMPOSITE MONITOR 


= 12" Green Screen 
= JB120! New 90 Day Warranty 
a Work wilBHM joi! eutor graphe adapteri 
SANYO APPLE 


List 19999 Mead 7909 
NO SURCHARGE FÜR MC/VISA 


TERMS: 
MC » VISA = COD * CASH 
Purchase Orders from Qualified Firms 
Personal Checks » AE add 4% 


ES AMAL UAP 

= me 
SHIPPING: (Minimum 674) 

UPS a Feueral Express 
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COMPLETE 12 MHz 
ZERO-WAIT 286 SYSTEM 


WITH 32MB HARD DRIVE! 


Can you believe it? Yes you can! And every ZEOS® system is fully assembled, burned-in 
32 MB hard drive. 12 MHz ZERO Wait State. Fully AT and tested in our own laboratories. We would like to build 
compatible. Our complete '286 system ready to pluginand one for you. Give us a call today! 
fly right out of the bax! At the amazing price of only $1,295! OTHER ZEOS OPTIONS: 
How is it possible? By buying direct from the manufac- dr — im Everything except a hard 


turer that’s how. ZEOS International offers you the finest, drive. $ 

best-backed fully AT compatible systems available. . . at hi eun pd drive system! Only $1,585 

factory direct prices. E EGA Upgrade. 14” EGA color monitor with ZEOS EGA 
We think you'll agree, this is the very best value you'll card. Fully tested. Add $495 

find anywhere. E Many other drives and options available. Call Toll Free 

for details, 800-423-5891. 

ZEOS® Customer Assurance Progran NEW! ZEQS? "386 Motherboards! 
Compare not only our features but ZEOS* 80386 motherboards, 16 or 
the ZEOS* Customer Assurance Pro- 20 MHz, Zero- Wait state. Up to 
gram as well: 1. Pull refund within I6MB of 32-bit memory on board. 
30 days of shipment if you are not Plus on board options include Wei- 
absolutely satisfied. 2. One full year tek 1167 Math Co- r, 80387, 
limited warranty on parts and la- 80287, FDC and HDC. Ideal for 
bor. 3. Federal Express replacement upgrades and OEM systems, Only 
of any failed parts for your first 
year of ownership. 


STANDARD FEATURES INCLUDE: Bi Heavy Duty 200W Power Supply. 
12" High Resolution Amber Screen , 
TTL Monitor with Tilt & Swivel " equi i Calendar with 

base. Easy on the eyes! i 


E 80286 CPU Zero-Wait State Moth- | [ M 512K, 80ns Memory expanda- 
ble to 1MB on the Mother- 
erboard with 8 I/O slots and socket board 
for 80287 Math Co-processor. | | l 


E Hard and Floppy Drive Controller. 
m 6/12 MHz Dual Speed, Keyboard | — - ee ee ee i 
Selectable, Zero Wait-State. W Serial and Parallel/Printer Ports. 
Phoenix BIOS! 1.2 MB High 


Deluxe AT-style Case, — Capacity Floppy 
security Keylock, ! —— — | i Drive. i 


pee auton, | — | akama 32MB hard drive. 


BFullOlkeyAT- | E High Resolution 
style Keyboard, - — Monochrome 


Mechanical Tactile I Graphic Card. 


: | | TETPTT. ay 
AT in à pner masa Ls P , an im ims 


"E 3 3c me 


In Minnesota Call: 612-633-4591 


mr exem. DEUS 


E EXE h r INTERNATIONAL. LID 
Lc 800-423-589] mesg 
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Penn. Statlon, Ame 4 
115 Nassau Si. NY.NY. 10038 Bet. Beekman " Beneath Madison Sq. Garden, NY "NY. (12)594— 1140 


Ann Sts.(212)732- 209 Spo dun ht, PEN Opeh Mon-Wed, 8:30—8/Thurs& Fri,8:30-9/Sat & Sun, 10-7 


' ogee granemos 1800) 345—7058 | tt | "t Di qat 
OPEN 7 DAYS A WEEK 1 (800)345— 7059 | MON-FRI SAN - UP 


EQUITY 1+ "PSESDNM. 


IBM PC/XT 
COMPATIBLE 
PACKAGE 


rA HAM w/Cloch , 
Calendar * 380K Crive " tu a Flop opey 


3 w-— l + jesi "urs RE wp AX Drme 21 1 ee m i T T 
H - Saríal / anie! Me UD LT -am > a - 
. ~ Porta « Box of 10 Disaetins eee 32599 | à, 
212 High "lesolution Monto MODE ACKAGE 
a * BM XT Computer * IBM Keyboard Parse ) iam hipio 25 $1049 * IB meo deoa 720K Drives 
3769 256K RAM Expandable 10 540K * 360K 5. Model 29 w/Calor Monilor.........£1298 « 640K RAM © Butin Graphics 


Disk Drive » 20MB Haud Drive + Pack- Serial Ports e 
Sama pug ariano $ Floppy 31 049 age of 10 Dakettes 1 (Monllor 1 720 heisa bite etit IE na Monitor 


& 20 MB Optional) $ IBM Personal System |i Mantors ^ | 77 1 99 


Same Two 360K 8503 Mona... eese S248 PS/2 Model 30 w/T20 
Foppy Ones 049 ME ernesem? 279 ll ooo 0 c nomine 1599 


HARD 


NEC  POWERMATE | DRIVES LEADING EDGE 
PACKAGE = MODEL D PACKAGE 
IBM PC/XT/AT COMPATIBLE O coii : *StEKRAM Computer 
OMANE HI. w/Gonlroller... 256E...... $469.95 ee Dave #4.7-7.16 
JOMA 1/2 Ht. w/Cont roller. . — B5 | NX-15. ‘$260. Floppy DU. 
40 MB t /2 HI. 5 inis mE $389.95 MHe *12^ Monitor 
MINISCRIBE ; 
40MB Y MTA emm. *-— 2 ODATA +799 
= -1000.... $459.95 | GG 120.....$ 160.05 Same Pkg. w/20 MB Hand Orive .£1049 
CKIDATA 180. £219.95 LEADING EDGE MODEL D2 
IBM PC AIAT COMPATIBLE PACKAGE 


n ADAS B MHz Processor * 640K ———S ss 
RAM * 1,2 MB Floppy * 12" Monitor DESKPRO MODEL 2......$1150 ! ETDS Laserjet 640K RAM Expandable to 1 MB - BO286 
| Processor - 8/8/10 MHz, CGA/EGA 


O82... 
. 8100,05 
$1 349 DESKPRO 286 ; Series il Sens!/Parailel Pons « 127 Monfort Key- 
w/20MB Hard Drive... 810570 TOSHIBA Boac $4 269 


POWERMA DESKPRO 286 321-SL ......8$478.85 m. 
with dM f $1 879 MODEL 20......... $2899 E? Ta no - [31649 Same Pkg. w/20 mb Hard Orve,..§1529 


TELEX 422132 HMOLLER 


commodore —— PACKAGES 


HEADSTART 
PC/XT 
, COMPATIBLE 


IBM PC/XT _ aE 
COMPATIBLE ae An 


PACKAGE 


APPLE ENC APPLE IIE 
$ $ 


4 7 MHZ. Dual Floppy Dieas: 7 Expansion Apple GS Gompuler à 36 

Slo 312K Expandable io 758x + Pwallal & Kay board 640K RAM Power -Turbospedd E s BGB iorMaonitar 
"Soria! & Parallel Ports »12^ Monitor Berw Porta - Mouse - Avalleble in — Color or 4.7/B MHz - Two360K Floppy Dnven «M&S. Peig. 10 Diskattes « All $4 379 
& Adapurs +Fackage of 10 Disketes Monochrome Sytem: Over $1000. Wanhot DOS - Mono-Graphics Card High Cables Ü Adapiers » Apple 


+All Hook-up Cables Sofware- NO CHARGE! Resolution Mano Monto: - FREE Word => - | 
Processing Software Computer Package = 579 
$629 Mono System Color System MAGE WRITER inlet. — ers 
Same Package wtih ‘789 8 APPLE Hard Dive... __.. $2480 


LAPTOPS | MONITORS 


NEC MULTISPEED Eln, irinin NOW 


a È: Commodero 99 
y — -] pe LUU 


TOSHIBA 1200... NS oh ef oe Monllor,..,.,,...... PRWEB rs essa rS TET DU Y E $289 


ZENH 18} —— —ÁÀ THOMPSON ULTRA SCAN AMIGA 2000 LOW PRICE! 


In ¢ 


1 b peda etd henged 4 sd icoiui eng 
SPARK ARE AMA tai CSR ORNE rosa A COR C Ae eT A 
SAUK w /2 DRIVES... c TOD BRIDE CARD RF MODAAATORI 
SP ae le RN AMIGA Se ior - Br jah "aes 4 i£ THER 


commodore commodore 
128 PACKAGE 64/c PACKAGE xb. 500 w/1084 
Commodore 128 Computer * Commodore 1571 Disk Commodore 64/C Compuler - Commodore 1541 a EET HER 
Drive » Commodore 1902 Color Monltar  g 20 Disk. Drive » Computer Printers - 17" , AMIGA 

ammoadote 1515 4 Colamn Printer 7 Computer Monitor 399 500 w/1084/1010 
Taibat iaurti bieb cee NistUstrEAIM Wes APR Dinars Cik. Curva — Garie Cond aad Co n ainapied Na vidha 
Vult larga fas mo „yri nidora Ham-xaridmd alarks Ami wid 6-4 weeks Chitina Maedap pidii pia woa corded karke |= hays 
oda P lac rhpeing irid kemihkag Menem ibo charge w Md. APOFPO sub PO Bas iférea- puma can far phage pany 
thargsu AY raami add apylxatN salen das. Fran ded asmradlag tabin Im thaags wrühaxi ogixa Mal nisertida fet 
AILT LLT LE LELLE] Falma wf dariers mygschakdrsa mur) heres popr alura abptigigalat Apt 64 Cale wd mat be ariig 
iM PEINT air regmttcnd v154dérnadhr bf lmteruatmmidE borari. Miasta Corp. AM pidea ioa bee piap Ae Lapis - 449 For dulad 


TIONAL SURCHARGE FOR CREDIT CARD ORDERS Pe por rmm ieee: o eee ent m " dr P7, 
NO ADDITION Circle 182 on Reader Service Card 


Serisi duritia > Paraje! 


Yds 


Convert What You Have 
To What You Want! 


7 PST? Sere * Centinciucg PADS! 
"D Baud Payer * Piandahare Bighais 
* Latched Crultputa * Compac! Ji x ah x 1» 


Mà Ota wi veut pag & Chose Du ITI Dry IRI 
pi port ou have a avais! Cot new High or eee 
Bento. ege uve nnd Wb, Baud on 
TT TN pri bag 


Uu astu a begs 
ie a» be Datyltend eal ment d Map med 
merle alficieney. u [| m H 
p HU deep SED i Mode! TTO dePar) or 


Cai (503) eer n or 474-8701 
For FAST Delivery 


* DOS partitions to 
1GIGABYTE 


« Spans two drives in one 
bootable partition 


« Supports big drives on 
AT and XT 


» Secures data 


GOLDEN BOW SYSTEMS 
$120 t 2870 Fifth herus 


$3 shipping; t 
handling San Chega. Erden 
619/298-9349 


Calo onder. 
add Fb 
Circle 107 an Reader Service Card 


T'S NOT 29* PLUS THIS AND THAT, M'S 


29" 


2 tor 1 replacement! guiranige on buk $° 
& lourd iniiafy Selective wm soc months 
Wah shoves, tda, labait 

51a" OD rim 100 
DRUG bin 59 
Com $14" OEDD (Mn. s 
Sta” BAT HD (Mi. 30 
Bm al 105's' OSON Me ih $40 
Bw ot 10 Cor $47 DE DO 
Fw Pac Coe iM dg , B» 


Shppeg $350 par mue. oria) 57 auch acci io MCAPGA aeania 


1-200-537-4800 AME 


Dunt. No. 1521 PO. Aer 61000, Gan Franciam, Ch WIH 
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The idea! solution for embedded control 
applications afd sland alone development! 
* 8052 Basic CPU 
* PROM Programmer 
a j3BX^ Expansion Bus 
" Higheét Quality 
* ! Year Warranty 
$228.00 QTY 1 
Cali Now! (603) 469-3232 


inquire about our 8051 uet t 
ait tor Ine IBM PC/XT/AT oe 


Binary Technology, Inc. 


tien S4 PO Boa ST henden s AWD 


“SBN v a TAATA Of ike! G porthi 


MBIT ions $30.00 

51258 tom $ 6.25 

41464 ism $ 415 

41256 ion 3$ 4.95 

41256 $ 4.85 
p, 41256 

41264 $ 5.95 
M 4164 iso 


"for Sree eo Pic "am een (ad 


di 


TET 


Sa S EI II ELI 


8805/6305 SINGLE CHIP 
MICROCOMPUTER 
DEVELOPMENT SYSTEMS 


Two systems allow the (BM POCIXTIAT to be used us 
a Compete mant system for tha MOTOROLA 
BBÜ0S5 series aingie chip microcomputers. Model 
MCPM-1 auppons Ihe MCSS/OSPA P5, U2, U5. RA 
& R5 chips. an Mr MCPM-2 “suppor the 
MC dearth r2 A G2 cmos versians. Both systems are 
priced 41 $485 and inciude a cross assembter pro- 
gam, a opum nog ee program and 8 program: 
ming circu poaa with driver software A i 
aisa avail for tha HITACHI 83705 ZTAT micro. 


THE ENGINEERS COLLABORATIVE 
PO. Box 53, West Glover, VT 05875 
(B02) 525-3458 
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FREE! 


Turn-key 
PC Systems 


mc -- "LIES (8 herResearr u 
203-786-5151: - MeL T ar 


wi AW E a CST Pee 2072) Tae DC im 


Huc 


LOGIC 
LAB 


LAB aa complete logic development ryrtem 
" Complets System Including P mme, Sample 
GAL Dencet, Sofwan and ali 
, DEAE Gat jpa inducing tovi, 1678, 


Bet 
S 42 different pongard PLD’. 
ion Auamblar Sofrwom. 
JEDEC Downlood Files. 


* 30 Day Morey Bock Goorantes. 
* Vig and faster Card Accaplad " 
CALL FOR FREE DEMO DISK 
Programmable Logic Technologies, inc. 


ree up 
CC) ARE 
Ph j.AGUy FX. aoe 


| not only a 
printer buffer ! 


PCR L THH id THE MOOT SOFHIUTTICATED 
PRINTER BUFFER - MULTIFLEXOR - SWITCH 


WITH Trt JRFARATS |MFUTS [PRiüAL AMD de amd “a 
two bras ata OUTÉuTE gue AMG? PAR an 
WITH AMT iwrltT to V an 


Å 
FhiHTUR O9 | COMPUTER TO 3 FRIHTRAS OF | COMPUTERS 
AMD T PRIWTETU — AMD GORD « | OORPUTER 70 » PRU TOR 
n? 4 coMPITERS TO 1 FRINTER 
rond CAPACITY a« KH fU pa KE AmO pma Mb TO i MN 
relma COPT ARD MEINT FUMCTWNI 
1 Q& à BITS WORD LENOTH | OR r STOR 
BIT FARITT, XOHjXCOTF. PTH RTE 


Crn-A HK d 195 DCB-8B. MAR I 755 FY 
beh Fees ope ee phtallal eee tre unciudied 

ALO WE HAVE "HE LAET COMPLETE Date COM VERT 
LU LET DON'TERTEI Ate CRA PO CENTHRCHOUM PARALLEL 
QM VER TRAIA, JUST BY VIN PUMFEBR BAUD MATE AND 


PROTOPOL FULT AOA AMAALE FAG ms TO ree BAUCÉ 
i  DTR RTI, XONIXOFF PARTITT, vo» 


peu b RD pi - 
Prj Pari eripi p und mein SO] ima Inde — ==] mrm 


serial parallel 
Dru bi-directional converter 


ITE INTECTRA In -Pep Pi 
NIES as. : sire TELM AL Mm 


T MOUNTAM VINU Ca vane 


415) 967-3818 TX 345545 


M. ou RNONEY saci a ster" 200 CPS 
kairid c£ $1 0995 


* 360K Disk Drive : 
* 150 Watt Power Supply , m Keyboard 


* 4,77 & B MHz isc Contralier 


List Price ‘649 


i e 200 CPS Bi-directional æ 18K Bulfer 
OPTION A | #17 x 9 Near Lelter Qualily s Adjustable Pusher Tractor 
+ High Resolution Amber Fiat Screan «JHMM Graphics «One Yaar Factory Warranty 


+ High Resoletion Graphics Card 
Ld Paralia Printer Port | » Parallel & Serial æ Limited Cuantily 


wus — wm | PRE TURBO 386 35:7 


s Hi-Hgs RGB Color Momicr e Hard Disk Drive, Canlas — i $ Paea a 
«High Resolulian Graphics Card a Dug! Hard Dish Controlter *MIPS Spsed 
a Parallel Printer Port 30 MB XT 20 MB AT mtret er 


i s 200 Walt Powe: Supply 
ADD $298 ADD $298 ADD 3298 | © 101 Kay Enhanced Keyboard « Buel Hard Disk and 


« One Year Warranty Floppy Disk Cuntrailer 
POTERAT TOWER TU RBO 386 [iwn mou TT 
. 640K of AAM « AT-Slyle Keyboard a Western Digital Hard Disk 


80386 F 
Expands lo 1 MB « One Year Warranty $ 98 s and Fipnpy Disk Controller 
+200 Wal Powe Supply * Ciach /Calenom 2798 lvo mm CRT warm 


STAR RADIX 1 v2q16 


Complete Kil with 
ee for Your PC/AT 


ag ea eats | oa, *interiace Required "HP LaserJet+ Interface "98 
40 air 20 "es PO/XT Kit | Limited Full Height $1 1 9 e 300 x 300 DP! Resolution 5 MB RAM "198 
33 MS $398 248 Quantity TM100-2 


me hee ten Dati | C PACKAGE | HI-RES RGB HARDCARD 
498 | | MONITOR 


$75 seen GES na | $258 


a 8 Pages Per Minute | Extra Toner Cartridge 158 


Including Free Software | Hi-res EGA Monitor... 378 21 MB Card| Hardcard 20 


| * Dual Mode Monilcr List Price ‘695 
MET ad ih | æ Non-giare 31 mm Dot Preh * 540 x 240 14" Non-glare Tube $338 $568 


Gn-beard Speaker | " 
£40 x 350, B40 » 200 a 640 x 200, 16 Colors 
1200 External . . 99 * EGA, CGA. MDA & HGA « Includes Free Cable & Till-n-Swivel 43 MB Card | Hardcard 40 
2400 Internal w/soltware . | * 100% IEM Campetibie Manulaciured 
2400 External "168 e 266% 01 Vidno HAM | By Samsung 


| MICROSOFT. - EPSON PRINTERS 
MULTISYNC | MOUSE LX-800 rien LQ-500 


Lisi Price "299 Lial Price +489 


13^ Color Monitor , LX-800, FX-86e, FX-2866, Hai LO-850, LQ-1 
With Software | With Software |  Lo-i0m, EX-800, EX-1090, Leese, GU-3500 


HEWLETT 


| nt | 34" DISK DRIVE | PACKARD 
For Your PC-XT (Clone or Apple FOR YOUR PC/XT/AT | LASE RJ ET l Í 


Maih Co-Processor 
549 | gg | 5128 
8087-2 $149 
SS r m ek 


* Uses No Slols | 80287. .—— "179 Down Loading to your 


+ 20 Year Battery $ Lap Tap Compuler 
* Includes Sollware 80287-8 "219 thetind DOS 320 


PLACE ORDERS TOLL FREE! 
Continental U.S.A. (800)421-5500 


: Inside California (800) 262-1710 
i - ; | Ail Othars 1213) 973-7707 
l | Fax Machine (213) 675-2522 
4901 W Rosecrans Ave. Box 5046 Prices at our alx store localions will be Ca & Tx residents add sales ip» Prices & 
Hawlhorme. CA 90251-5048 higher, availabidty subject to change without nolice. 
" We accep! cash. checks. credit cards or Shupping & handling charges. wa UPS 


purchase orders from qualified ilrms and Ground 50¢/Ib UPS Air $1 00b Minimum 
inslltutions, Minimum prepaid order $15.00. charge $3.00. 


LOCAL AND REMOTE 1/0 “anun F EES : 


EM220 . (7230 1 Tfo2 eniinn 
: &oFile fnuajer 
l $169 e AY Cobin thae 
* Cuir Supert 
~ ihu Ke 


BULK DISKS 


TDK 5 14" DS/HD 
KAO 5 14° DS/HD 
SONY 3 12" D&DD 
TDK 3 12" DS/DD 
DATASAFE 5 14* DS/HD 
MAXELL 5 14" DS/DD 
VERBATIM 5 14" DS/DD 
3M 5 14* DS/DD 
DATASAFE 5 14" DS/DD 


Price Based On Quantity of 200 
Includes labels, sleeves & tabs. 


800-426-0247 


In NJ (201) 840-8911 
MC Smaðer Oty. Avail. — VISA 


PRINCETON DISKETTE 
.415 CENTRAL BLVD BRICK NJ, 


eu i, Ae a BENEN 
* f ertafog impuls | EREE TEK 4010/4014 
a B contact (stahest inputs 
= B rely cover Qulpuls 


EMAOIO .. z4neonn JO rmedatum 

© VF220. VT I2 emuslutnai 

© Phone files 

e fingi resohfitum India 

* Supports HUM, HAS HF dns cil 
Henulps: Pecitun end AME 


* Š npbochi! pulse accumu 
n fore Price with modem '595 09 $244 
The MOJAVE LMX 1/0 processor communi- 
cates with any computar ar terminal in ASCII 
over HS-232 ar over built in Ball 103 or Ball 
202 modems. Operates over virtually any 
distance over dial up or over multi -drop radio 
or cable, A small battery can power the LMX 
‘far up to 4 years. Larger capacity I/O pro DCS 
cessor üre available. 4275 ders Ave. Sane IH 
1 Boulires CO SH] 
-itie “We're the I/O specialists” L3) 442.9251 
7100 Hayven t an Nuys, CA 81406 


hurst Ava. V. 
818-902-4611. FAX 818-802-1934 Ce et ee | 
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| Insirumantation 


REAL WORLD 1/0 


Sii samen For PC/XI/ATs 


12-(t AD ogatd 


10 aHa sampeng 
rala 


amp troni — 

end 523 ADSI 
ADAI00 « 3 channel 8-bil AD. singe D A. 24 
programmatie digia IO lines 

AGSOG + 8 canna! 12-bit AD onard Soltware 
programmabie gams of 1,10. and 100 eighty 
accurate integrating compede 

7 digslal lO knas High-2 inputs 5739 
AG106 + Sungié channel varaian ef ADSOO 10 digital 
LO hnes Same accuracy and programmable 

guns $149 
CASIN - Fas setihng 12:bit dua DA converte: $1859 
0624 = igual 1 O board walt 24 TTL ines 
configurable if &aftware $95 
XBAU - Easy connect extender prototype 

board wih terminal strips $4g 
DEM dscounls available 


Real Time Devices jnc. 
y 3 Oath Pe EO ap ha 
LI 
Oral, COPE Gd SE ae l 


(814) 234-8087 
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SEALEVEL 


PROUDLY 
PRESENTS 


* Dual SIO Serial interface. 
Two independent 8250/16450 
ports, COM 1-N. versatile. ATS 
and CTS. RS-232/ 4g2/ 485/ 
449 compatible. 


® ACB-II Advanced Communi- 


cations Board. SYNC/ASYNC 
ta BBOK, OMA, 82530 SCC. 
ATS. CTS. AXC. TXC signals. 
RS5-232/ 422/ 4B85/ 449 
compatible. 


SEALEVEL SYSTEMS INC. 
PD BOX 1808 
EASLEY, SC 29641 USA 


(803) 855-1581 


Why are foo Musing Out on the 


tages Offered by 
PROGRAMMABLE LOGIC! 
Smater Creu Boards 
Hore Loge on Your Boards 
Reduced Assembly Coit 
Improved Rallabiity 
Reduced Time 15 Repair 
JUST 8E CAUSE 
You ke not quur Bure pou went ro 
Tackle aë che UNCERTAINTIES Right Nove 
Or Maybe. rou are nor ready vo make 

The Capital 


without hang to memorie a the new 
Pen Numbers, Buzewords, and Characterates, 


without mumbling through che 
Syntax and Fies ol ancther new program 


Just tefl us what you wart I to do. 
We can supply 
TTL. ECL or CHOS 
PROTOTYPES, or 
PROOUCTION QUANTITIES 


MICROCIRCUIT DESIGNERS 
2115 Green Drive. Saint Lous, Mrsouri 63136 
114-866-954) 314-388-5299 


v= BE 
a= E 

b d n — ù 
RANT AS "M" e: 


CONVERT YOUR PC 
PARALLEL PORT TO SERIAL 


connects ae 
hai | | 
3800 Bua | 
i DAT HHPIENT! 
igat (pia 4 oe pan sit} BACK GUARANTEE 
BT AND Airt! 


— 


Hey Bcc eplec (lince reidi add 65% 
piala saim thik 


B-B electronics 


eee ac Fite OPa T 


O Boyce Meat Deve » PO. Box 1040 « eaa i, 61950 
815-434-0846 
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Temple Datatap™ Graph 3.1 


for IBM and !HP9OCXO, SUNI 
A NEW STANDARD 
FOR SCIENTIFIC 


GRAPH SOFTWARE. 


Time (usec) 
Unparalleled power, 
& MANUFACTURERS 


Developed a Temple University 


Mihailsin Assoc. (215) 646-3814 
600 Honey Run Rd, Ambler,PA 19002 


Cirrls ITS on Reoder Service Card 


FasiData MInI-AT - B0286- 
10 runs 11,5 Nadon SI, 
512K-1Mb RAM, Award 
Bios, only 16" wide, 8 slots, 
(pom es 3 halt-hi divas. 
peed, dive, power 'S, 
kay, resel A i —— on 
roni i m ay- 
bd, Dow 110/220V P/S, 
FCC app., 1 yr war... $725 
SUPERturbo XT - AT-Style Case & Keyboard, 10 
MHz 8088-1,120nSEC FAM 640k, 150W P/S, S60K 
Fipy. FCC app. 1 yr parts & labor warranty... $425 


AST Premium 2807" $55./mo, * 


Mode! 140 with 44Mb Dr, 1Mb RAM, S&P Ports, 
ClkCal, RT-Style Keyboard, 3-Q Plus Card with 
EGA. CGA, HGC, MS-DOS 3.2, GW-Basic 


AST Premium Workstallon...................... CALL 
AST Premium/386 - 26 MHz, 0 Walt ........... CALL 
* 115 B year leaeon avaiable to quelifed nosinosses. 

Æ FORTRON 


60396-16 MHz Server with 2Mb AAM, O wail, 1 
, 2 ser. poris on Mb. 8 AT, 4 XT slots, zaw 


ain alapi keybd, up to 6HH drive, B0287 
sockel, WD-WAZctrl, 1.2Mb fipy drive.......... $2,57B 
INDTECH 


5191 Basic System - 12 Slots, 80286-10 (^O^ watt), 
512K- 1Mb, 236W P/S,WD-WA2 Ctrl. 1.2Mb Fipy Dr, 
Drew -DOS 3.3 & GW-Bastc, Manual 

5 p. Will Hun Novell Non-Ded 2861... $1,275 


MONITORS & TERMINALS 


H SAMSUNG 


Samaung EGA Th 'n' Swivel, 14" Montior..... $359 
Samsung 14^ Tih 'n' Swtvet Color H-Ries....... $249 
Samsung 12" TTL Tilt 'n' Swivel Amber .......$ 79 


© TATUNG’ 
CM-1365 AGB 13° 5-Color Text Switch........... $299 
CM-1495 OmniScan 14° PGA EGA, HOC, CGA $6549 
MM-1422 Cual Freq, T'n' S 14° GrvAmb...... $119 


Moniterm Viking dual page 19° of 24° paper white 


or color monitors up 16 1280 x 960 ................. CALL 
MDS Genius full paga for PC, PS/2 & MAC...CALL 
TERE  IBM315! ASCH terminal... $429 


WYSE WYSE 5)... een Sto 
VET OER WYSE 80... s 9419 
WYSE WY7TOO 1260 x 800... $749 


CONNECTIVITY 


4-User Network Special 


MHNOVELL 

Server/Work Station: 

INHDTECH 4/6 MHz AT-Fileserver - 12 slots. 
2z38W Power Supply. Saal & Parallel Ports, 
Monitor, 1.2 Mb Floppy, 1 Mb RAM, 72 Mb 
Hard Drive, GOMb Tape. 

450 Wati U.P.5. 

MOVELL ELS NetWare 266 Level | (4-ugers} 
Network set-up Is Menu Driven! 

4 ArcNel Cards, Cables & 1 Passive Hub 

3 FastData SUPERIurbo XT's €a. Ind: 

B40K, 477/10MHz, 8088-1 CPU, AT-Style 

Key- board, & Amber Tit 'n' Swivel Monitor 

FCC Approved. 

** A COMPLETE NETWORK ** 

RETAIL....$9,258 NOW ONLY $5,995 


800-528-3138 Orders Only 602-991-7870 Customer Service 


M. 76th St. « Scottsdale. AZ 85260 e TELEX 9109806778 SNSCORP FAX 602-493-0920 
SUsOMmery qualihang far | ite a the decl way POs & AMEK E 64 Shippin t | r 


ain cane a "T | 
credit Willie d tu 


5-100 Div./696 Corp. e 14151 


— 


The Tower of Power... 
The AHC Skyscraper! 


ARC 3B5s Skyscraper - 6/16 MHz 'O" Wall, 
2Mb BOns RAM on M.B., 1.44 Mb 3.5 Flappy 
Drive, 101 Keyboard 2-32, 4-16, & 2-8 
siots, serial and parallel ports... ..$2,375. 


ARC 386i Desktop - 6/16 MHz 1 Wait, 512K 
RAM, 1.2 Mb, 5.25 Floppy Drive, MS-DOS 


ARC Turbo 12 - 1.5 MHz 80286-1 Wait, 1 Mb 
RAM, 1.2 Mb Fipy, MS-DOS 2.2..... $1,195. 


ARC Model 10 XT - 8088-10 MHz, 640K 
RAM, 360K Floppy, Serial, Parallel, Game, 
Clock Calendar, MS-DOS 3.2...... $ 588. 


ARC Options 


AT-Style Maxiswilch Keyboard ............ 
RT-Style 101 Maxiswiltch Keyboard ...... 
Mitsubishi 360K Floppy Drive .............. 
Mitsubishi 1.2 Mb Floppy Drive............ 
Monitors... user einem See Monitors 
Drives... erem. See Drives 


Ask about 1 & 2 year on-site sarvice. 


PC COMPATIBLE SOFTWARE" | 


Oma Base Mansgement 
n ee oe PRIS M" 7o 
PES: Professional Flio. 12 


R:Base 5000 System V... 
Communicailon 


Carbon Copy Plus (Meridian... $118 
Crossinik XVI (Microstuf)...........ssoso»s,5 88 
MicroBoll ACTƏBS esent nanazaca e M PRI 
Word Processors 
ord [(Wordelar 4.0 done).................... 178 
F ip yaa a ) 

PFS: Professional rie eee 99 
Word Peated... seras ven dais — n 12 
Integrated / Spreadshealn 
Enable 20 aries ————— € 
Framework Il (A&hton- mar Annne, 75 
"S OS nee 8 
ee ee 138 

400000 ——— 69 
Symphony (Lotus) cesses tec $038 
Desktop Publishing 
PFS: First Publish... eee E DAD 
Graphics & Mice 
IMSI OptlMouse Sarig. oniiir 88 
IMS! Genius Mouse 5Senal.................... s.s 59 
Microgoft Bus Mousa...s essere 98 
SummaMouse-Opftical...........ueeens 79 


Project Managemeril 
Harverd Total Project Manager... $284 
— "Compatibility with PCXT/AT Chore net guamntaad 


isl +H tach 


“THE PC 
PEOPLE” 


Circle 258 on Reader Service Card 
(DEALERS: 259) 


LASER PHINTERS 


H.P. LaserJet Serles il p= 
a Pgs/min, 8 intemal fonts, (0 g 
512K RAM HP, Laserjet Plus 

1,799! 


Brother HL-8 1 Mb, 26 fonls ................... CALL 
NEC Model 890 PS oct CALL 
AST TurboLaser/EL 512K-3Mb, Ricoh Engine, 

Upgradoable to PostSerpt......................... $1,678 
AST TusboLaser/PS ricoh, postscripi, AppleMar/P C 
VF, 3Mb, 35 fonts, 300dpi, Fost Graphicsi. $2,995 


PINOT EEN eM oer oeg o ovo 


mogtTrument 
Ask about Nationwide Service! 


1080 Model 2.............$1779 1091 Modet 2.,$199 
ee AE ME sse $445 
IND........................... 9499 IEEE ................ $299 
«11-2 Mem s 


DRIVES 


£7 PRIAM 
ID 130 133Mb, 20mSEC w Installailon Hardware! 
Software (Maxtor XT- 1140 Compatible........$ 2, 169 
ID75 74Mb, 20mSEC........ sss $ 
ID100 103Mb 20mSEC w/AT ALL Ctrl ........$ 1,178 
1D230 233Mb 20mSEC wacttware, ALL Ctri$ 2,549 
V150 43Mb 30mSEC...............eussss $699 
Everex 601 60 Mb interna) Tape... ec $739 
Fujitsu 360K ipy dr... $ 79 /1.2 Mb... $125 
Micropolis 85Mb 26mSEC ..........$ 888 
Mitsubishi MF501 ....... $ 95 /MF504 I.2Mb$125 
Milaubish! 3.5" 1.4 Mb Floppy... ss. $139 
Milsubishi 3.5" 720K sees sss $115 
Seagate 20 Mb PC Subsystem ....$ 275 
Seagate 30 Mb PC Subsystem, ST-238&Ctrd .$ 329 
Teac FD-55-BY 4Btpi ..$ 95 / FD55GV 1.2..$125 


| MODEMS & BOARDS 


Mitcaon 


1200 Exl&mal ............$11:3 / 1200 Internai.$ 73 
2400 Extermal .,..........$149 /2400 Internal. $1293 
CTS 2424 ADH ASYNCH/SYNCH (Hayes) ...$229 
CTS 2424 AMH Class 4 MNP Error Corea ...$ 289 
Prometheus ProModema - Clase Outi... CALL 


$ 


U.S. Robotics Personal Madems............. CALL 
6-PAK Plus... $119 
RAMPAGE-280-5 12K 5400 


AST 


RAMPAGE XT-256K ........$256 


GAG. Hol Shol 2B6-10XT Accel. Bd. $360 
ADVANTAGE-AT-512K.......... $275 
Intel Above Bosrd/286-512K 4020.............. 5339 


Microsofi Mach 10 / Window / Mousa.......... $324 


COMPUTER ACCESSORIES | 


Data Display for overhead projectors ,,,,........ $595 
“FREE Carrying Case! - While inventory Lasts” 
Power Savers 400-1000W Models...PFAOM.... $495 


ip ee 


Back, 
by popular 


demand. 


Just a few years ago, illegal hunting 
and ary i civilization had all but 
destroyed the alligatar population in the 
south. They were added to the official 
list of endangered species in the United 
States. 

Naw alligators have made a 
comeback. 


oh E, 1 

"T ws "oam : P " = Du 
2 ————— k 
t E Ta, xh ri 

b 


Conservationists 
intent on preserving this 
legendary reptile helped the 
alligator get back on its feet. 
Once again some southern 


swamps and marshes are i. 
EE MA alligators. 2 J 
With wise va! 
conservation policies, {FYE 
other endangered b 
species have also made hI W. 
comebacks... the ba | 
saugai, gray whale, E 3 
Pacific walrus, wood LEF .. 
duck, to name a few. VIJ. 


If you want to help VY. 
save our endangered G: 
species, join the National 
Wildlife Federation, 


16th Street, MW, 
i Washington, DC |, 
20036. 4 


Department 106, 1412 . | | 


a 
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EPROMI/PAL Programmer 


i Ex : ] » PAL wODULE ims 


* Progrants ZO k 24 pis MMI 


* EPROM BODULE (1, 4, B pocket 
16K 1o. 1024 EPROM, CMOS EEPROM 


intel, Motorola, TEK HEX file 


Flext 
aep E tne 


-MMI, KS, TI & Signetica pars 
-Read imel, Motorois, TEK HEX fie 
* 741 


M2/484W/5Q Medula 
|, 4, 8 socket modula avaliable 
1749 Disassemble included 
Ftead imei, kotoran, TEX HEX nie 
ene Moduls mam 

3 ri rammi n 

Road intei, e" d TK HEX. hie 
* TTL & MEMORY IC TESTER MODULE 
Jesi almost TTL. CMOS. ic, Suc [C's 
Ang segrch dor unknown IC pan No 
User can make hi$ own tem paien 
* INTERFACE CARD k CABLE 
Ins card 4 common w all above modules 
Fite in ary PCIXTIAT oF compatinies 
-Space saving hall mre 


EASYUSE LAN COMPONENTS 
| * Network Software (pez user) s| 
» Server Cards (d users) 9 


* Workstation Cards STH 
und 


They start at megane | 
for only 


or 
| Tour Mh AT with aur Server Cardia | 
- i << ] 


HE 


AI MESI: 
450 Moni St 
i 

MA, 82371 


Make your C language 
programs memary residen! 
wilh 


OMS RESIDENT-C 


Mic rose! 
enalt»ps 


$40 25 
" Source 


Maks your assembler 
programs memory rasident 
wlth 


DMS RESIDENT-ASM 
az: 


É 


enadle 


$149 25 | 


Circie 17 on Rrader Service Card 


Tn find out morc about software 
chat lets your PC emulate 
TEKTRONIX " 4105/677/9 and 
DEC V TIOQ" terminals, 

call or write: 


Q GRAFPOINT 


43A Stevens Cirks Bll Eune 280. 
Sap beer, CA SAEI RE 60-705) 


Circle 108 on Reader Service Card 


PROMPT DELIVERY!!! 
S SAME DAY SHIPPING (USUALLY) 
LRT Y ONE PRICE S, SRACEANM RO LAM. 34 i— 


OUTSIDE DIKLAHOMNA ie SALES TAX 
DYNAMIC RAM 
AAH p i 1060 ns 
256x»4 00 ng 
* 256401 100 ns 

kaa 150 ns 
25643 BONS 
250a 100 n5 
258a) 120 n5 
25&6R«3 150 ns 
t Kea 120 n8 
ROM 


EP 
27C1000 i28K18. 150 ns 
270512 — e4«xa 200 n5 
27256 32Ka8 250 ns 
27128 erag 250 n5 

STATIC RAM 
43256.L.2 32*a48 120 ns 


Zemth 150. 


iM PC XT, Compaq Fortable & Plus; hp Vectra 


215 0¢ BOM: 


2 
> 


40K MOTHERAD UPGRADE . 


en? -? 
$150 00 


i mammum te re 


— I o-—Ü * [N 
RU" LN Las ee, Eon dile Fg Suri 
CE [ol y F 


Circle 169 on Reader Service Card 


"D" SIZE PLOTTER 


322950 
RETAIL 


Te 


316959 
INTRODUCTORY 
OFFER 


* Madel PC 3600 

* Repeatability .001" 

* Speed at 7" Per Second 

» Vacuum Paper Hold Down 


* Tigh Resolution Circles: Suitable for 
PCB Artwork 


419 4903380, geris 
BOX 1669, FREMONT, CA 94538 


Circle 191 on Reader Service Card 


California Digi 


7 7700 Figueroa Street @ Carson, California 90248 
Color Monitor 9600 BPS Modem 


Edi E77: 
— ; = y 37/95 


ideal tor CAD/CAM and Det Too pudlietung appécatons The Holancd 

CD/240 color monitor and grephec ecient card has a nino uto of 720 pausa in EE «we cadet ERE 

Oy 400 bees on p 31mm dod pitch 12" nen-glare scnsen. Tecnocsi spacriea- Arne price beste Limáed quaeneoes seaable at oriy 5379 
Ano 192 hipa uma Please phere lor acifihonal nicrmatnion. 


tion o ma CO/240 qxosed EGA end eporcosch YGA sidaróg 
Smarteam 2400 


Compa sabe monitor and card packages alt @ aver $1005 Calfiomnia 
*239 


ep —08 


DYRA haa made a apecial purchase and ia abis to offer ires outslanding 
vum al Oty $456. 


Also Available .Amdek 9 Conrac @ Httachi ® Magnavox 


Miteublah| @NEC @ Panasonic @ Princeton @ Samsung e Sanyo ae =a Mia m i rp 933 punata o 


Sony @ Tetung @ Taran 8 Thompson 9 Zenith anyone who bas c Capture data away from then desk The Sunnge s a sel 


mung te urá datio a — À ie — =" 
ev 4 iis ouiginad eost 
Tra apice tanran a bur in three Sne BO come se RED cum aia, sa BAK ee a ae ee 
300 baud Bes 105 ua oa a e ERA -— h (ota For only FII dec pralina. The MATa 100 ai andy $129 
capable o auto daing Tha unia aa boty cenrercs paralat and o venal 
Di oap rig diat orn Y^ 16 heytnant ex vt Us SUING 25 g Lad ecd Avate 1200HC wiermat. — -JAL 
fo: lng messages CTS 1200 baud modam oa 
— tA dma module m avagnia lor only $159 Also Mayus Smartmodem 2400 Dowd modem 1 525 
ex foe $5500 —— ee The Smarten 2400 Hayas Compatible -— A". — AU 
Sunnse features a CP/M operating system which allows Ine operator Io use Semarteam 1200 Cornpatimie, 3097 1200 Seen hess: 1159 
rama Xara 554 ——ÁÁ— — aan ee Smarteam 12008 1200 bisud CI n. o.. OMNEM N) 
While fies trom ine Sonrge may be vangtered Io BM PC UnraLink 1200 caia and voco, Belt 202 5... pios s i ee NN E" 
The Sera "P^ 100 ieBises bro abe p We aes a to 8" by 120 computers, mne 1810 la MOT compatible wn tha (BMPS computer Prometheus 1200 super features 265 
ichs, 6 Och pur second plot speed and to implement Prpmemnaus 12008 fama PO eta PR rums z 


Signaiman hiak VI. 300 haud iieri FC 


21 Megabyte Gold Card 


Centrorucs interteze mela, ecd pei rre 2 e ri 
| dpi eer mio 

0 porchage à wach wit & 
Dea daga plotter ongrai oncadg 


mL at Laat 


LA oia 


LASER JET Il 


comm $795 


mp uem d, eri een ot gta e qun ion 512K 
tate memory expandable in 4 Niggniytas, both sone! and paralisi ports Las! 
$2408 Casoria mia ote prod 1795 Memory upgrade, reo Tones and 


ge 
E Laser Freres avian 
Texas Instruments © Okkims o e Ricch 


‘195 


Western Grzphtac Modet 2000 operaio ungas the Hawien Packard panes 
languia and has xh pareat and seria ntortece Sum B^ plotter 
iy TT bL EE ee cU rH Mimun Pon) ipee; 10 


The Goki Card trom Sucon valey Computers iretur ai shock mountod suto 
malic tread untomdbng 15 watt irme coupied wth a 2X1 Schot butler and 
Re. e E nour MTBF ann tutt 


RAM "OD Qmm wiih eepagiabitity of 004 Qu aranty 

biow Qut e Ty, Calton Lashed ma & AST Research & GMS © Xerox & Canon ear Wt he beat cog oye ru Curt Ic dac 
MP/2000 to $735 Hurry! only 180, 180 Gioitera tef TRE — Guadram © Cantronics @ CIE C. oh e DatsProducts phare tion Mes 30 Mieg ra aet Sc 

-= H Ea a hp l E tA Pinedilir) iair PLEZR "e AL ride r4 

fepe Ogea MAP, br PE Rewer get iy SET eum 

PETE E amar armen, aer APO Poo 3A =" an Papers rare A Pap i 

riri a e Ri aen = IM ODEL 4 The "INSIDER 21 9gdoyre | 


Magabyle hard dnui kit Cieamplete with 
pe i h Ó— shortcard controller, sofware ulilihos, n- 
Eu structions and cable, the "INSIDER 21 
4 = —— i& ready for Immedialo imstalfatioón 
a This rugged system handles 40 G's end 
One Two Tan E— includes a SASI mreríace thar alic 
REMEX 450 % height for PC 35 lapė back-ups and olhar perpnerals to 
hi. 


39 29 
be added to your sysiem. Manulaciur- 
TANDON "oy 360K, và 79 75 72 |. Teletype Modal 40 CAT ig 9 connnoous duty er'$ ONE YEAR warranty inctuded. ail 
TANDOM 101/4 uli ht. 96 TPI. 119 109 — 99 | ona tha nes reconty cure ofl teme hom Duo Linded Bes | thie for only $269 
FUJITSU 51a” half height 95 S89 G2 ls peior that Caidorr«a Oqytal becomes invalvod in The : * 
MITSUBISHI new 501 rh 119 1609 105 wang of USED products bul we loh Uia Cua Hamel rap 


MITSUBISHI 504A AT comp. 149 139 135 | arepan in cunas OM we had Io ofer mis 
TEAC FDSSBV half height 109 99 89 UE a m Merge der uq ore 
| ooo Bà an a of prm ecc d 
TiAcrservs$ nal. 148 108 108 | ive ra aaeanoa i m 
PANASONIC 455 Hah Height 109 99 69 


Winchester Coatrollars tor MPC & 


PANASONIC 475 1.2M29./908 119 115 100 ER 

Sens pewar qute id Fiva lach Winchesier Disk Driver TC ioci oe I 

Dual enclosure for 514" drives 59 OMT] 5520 haH core 89 

Price does mat inciods contraer. serh "um 

315" DISK DRIVES SEAGATE 225 20M«9. Y: Ht. 289 283 OMT! 5527 ALL controller 129 

SONY MP-53W 720H/Byte 129 125 119 SEAGATE 23530 Meg. RLL 299 289 E ZU controller u 

SONY MP-73W, 2 Meg. 159 149 call SEAGATE 4026 28 M.35m8. 553 53g ER — DIGITAL WD e 
TEAC 35FN 720 KByte 129 119 115 SEAGATE 4051 51 M 35mS. 685 659 — 

TEAC 35HN/30, 2 Mag. 159 149 145 SEAGATE 4096 06 M.35mS. 859 879 © SCSUSASI Winchesier Coetrollert & 

51a" form factor kit 20 MINISCRIBE3425 25m 85ma.279 247 — XEBEC 1410A GW" komt prim — 213 

B" DISK DRIVES MIMISCRIBE3850 50m 61 ms.419 399 WESTERN GIBITAL 1002-05 S." 299 

FUJITSU 2242 55 M.35ms. 1299 1229 UNTI 20L 5 


SHUGART 5531A dbl. sided J19 309 299 
REMEX AFO4000 Æ. sided 169 179 165 MAXTOR XTi140 t40 Meg. 2595 2529 ua 20734 cable sat 
OLIVETT! 851 189 179 165 TOSHIBA MKS670 M. 30m8 1709 1729 — Switehieg power npo 4 


Shipping. First five pounds 53.00, each additional pound 5 50 TOLL FREE ORDER LINE 


Foreign orders: 10°. shipping, excess will be refunded. 

California residents add 6' 2°» sales tax. @ COD's discouraged, 800 42 4 504 1 

Open accounts extended to state supported educational istitu- = 

tions and companies with a strong “Dun & Bradstreet” rating. TECHNICAL & CALIFORNIA 
— (213) 217-0500 


LASEN OF Monitor, auto dud. auto - beg, un gized keyboard, 300) 
Dau modem and 1200 beud muxar pnüüey poc AJ tho m 
amikan lor omy $528 


CONTROL DATA 34155-86M,1879 1779 Wiechertec eerinzurs ent capply 139 
28 


ACP’s Break thru Prices!! 


Since 1976...The Nation’s 


EXFANSION (ARDT 

aed Ced GSP GE noe es 

AMD Coe Prim COA 49 98 

Abdali boni Pim ea ee | 

MES 
! r38.05 

AMOT3 EGA kenga C 1/2) 1g 


roo ue à eH 
ADM + open cadies 20.05 
OPC TAT 29.053 


tt Prete Poet PCR TAF ge 
ACSI Sea Fort PC ATAT Ze 
ARN OM Malliiunelum E Pe ibd 
AMA Frapgy Hard AT IPAS 
AT urba Mina poa! d qe 


À Al Turbo Minihi — arp ta 
ASSAI Gates AT Mothebd — 379.94 


JEM COMPATIBLE CARDS 


lucasi Mowe) Slates Kit 088 


Sty Hub 173.00 
ftp Lac iTELOQ 
SEHA Pros m 
Sarra (ard 195 60 
EtnerCar d Pun ze 


WO 106-RÀM ALL H Cont 


IA“ EGA bære won a gwrel 


| piva Eg 


Companies 2499 
vow EGA Cod u 


MONITORS 


WESTERN DIGITAL 


Computer Supplier 


HAFEX — r Y£ 


Vo R3 Enema! ‘78 00 
EOD a SMAAICOM cui: Fibs 
2000 5 ZE Erina 347 00 
PAX w SMARTCOM ws — MIU 
MIGENT — f Ye, 
Pcr] Modem C id 
wi Sowane £1434 00 
EVEHEA EVERCOM s 
Baud Mods (inl | Pun 
400 Bae! Modem ont i 174 
ACP 
oie 1u 1 M OQ 
yi ue d ira F- -s 


INPUT DEVICES 


Magnijs SEO [Hy eh 


Mere SE (20 MR nei 
m iy t EET 
pion Equity We CALL 

| Tayo Tuga 20 


LASER PRINTERS 

Qiueara Laverne f$ Ir- rs] 

Joumba CALL 

Epon G500 I T 
Lartei jut Senn 2 Fat On 

AST Toro Laner CALL 


COMPATIBLES CARDS ELTE Air Dmm UB + Ipsba Jae, 
| AY 3 Ads erip ba i hu i-r $53 Dahung Keyboa d Pad. MUN, : 
1 ‘SS WS pes L' Mp on r 
ACF 5150 Ke raed 15 96 
P5551 
C SEBUNEES NB Mew 
a roue tc y MN: 
PC Manny mri Pupu eo 
MATS P S 5 ou Par? Mouse foe api 17000 E H^ 
: = mec ux Xi W CALL MICRÜSOFT X M Haw 
Eqns Eqully | Super Sala! "oppi ww an, tim Sia Purine 11000 Bi cal WO «0t £M OQ 
— x F i19 060 PSZ Mouse Show Paine 30D 900 |B) cot 22 CALL 
AST —2¥r Warranty BUTA A ‘0300 ch ape en enm TOO ENS cul pst CAL 
foe oe Wed" 3 FEIN bani Eco Edon Sag 
poke e Alig 1p Md ieee Qt! Cis korsat ety 864g ob O MHr ace H Gow Year Lureiad Waranty | LO O (24 pam Ocoee 3190 
Rampage A! ON wally — MARS Mulincen Wda #73 00 le Yn Add-On § inia! | LA SEL pen SO cpa CALL 
PE AT CALL ideFtacan!NEE 49.90 rem 1 aoaia a aa TOSHIBA 
Nene AST PS? Arden Caste CALL 3" Hogar IMD wi T 20 5 Ore ! DAG Out Drive Arnber bane Syuan £048 PRPS. 24 Pro LG Pipita 
San Park Pies OR CSP FrNT.0C wise 5 Western Dagar? HO) FD Cab Mono wi20lib fees} ied PIE pev 319399 
Advantage PremamiAT 5124 CALL B OÙ watt Pomer Suppty: t Mono s'ÉOMb cole! mag 351 53 Mouel 
B Haidecaie Aese fwnci EGA Colne Spstern HOUSTON INSTRUMENT 
A&lXmehi Security bli = QR RS Sy La 1 OG VIX) A 13390, 20 CALL 
AGT MAN pia 38440, ch. Abas REST BUY Monitors IB Fog Punsnsion Stan EGA wi 208b ars rea DMP 41 0« 4 $2199 00 fen 
Conta Fus e TR SPC aS 8 Mar avon jun oc n Kerbossd i) hers! — EGA w/t 1 unt rri Ae Mm PM Cal Seen 00 
Magnorm « MR00 R LA EGA w: BORD (fhras zie. Peony ae PAT mt 
HERCULES — 2 Yr. Wrnty Mapas FGA bonto 288.00 SOLANO PZA 398 OD 
Hw res oror Card $480 Acca BH Us BEST BUY LAPTOPSH! Dey SO Sper AjBsue se Dm i" 
nuca wA || — oe venga Piptagte ily MAL pes Sharp 4301 eS t% -— "M — A: c6 06 
mara hi Compae Parable "i Apo 4795 — Sharp 4M FF 1290. FLOPPY DISK ORIVES Parl wore 00 
INTEL — 5 Yr. Warranty e Lect hasten MEER Tashina TIO SOO CALL Sharp A21 ercüMb CAL : » wx 990.00 
l Sarsam m ae lostuha | O00 MOD: rem iasa Lip ple Be ACP HM Orives Us Hi 00 OniDATA 
karna Vk 5? $178.00 eret ZALE Toata TOOU- Bu edat CALL [usuta FODA J. K' — 12800 Mit Fad PLUS £468.00 
Aboyebes: ¢ 288: UN WS 0 Mi Melt: Dia £1 CALL Stet E kemiy Expansion CALL Togrita WOME PU RE JURA — $4.00 M PLUS oa 
Ábovetiin d PC. hik 215 TERMIMALS WEL Makin 70n CALL — UVOC Haney Adaptor CALL Initia WE G AT C, — 104. M 94 co 
Abo its ati P5 CC 249 00 Sap "EO l'antabis CALL ' Inna ADOBE G 124b 12900 Mi vg 9418 215 00 
Aboaompa d JS 2 Mo! CALL EE gi rmemai $775 00 " TEAC FTH SA $2 00 d us JT&00 
Ww E fe maal Ma 00 
—l. A n PeDe «o0 BARE BONES — MHz BARD DISK DAWES — 
Capra sany IT& DO XT TURBO pe KR-P EEN Leese 
MAT; VJ Go Torringlon/Mumonice MICE » d TPB? Sastcheldle i Xs F secure cde x zia 00 
KEE 6 800 agi Weg « Jismi pagpa — | "OM troacdater rs bu HilaCard 70 Wealers galai 248.06 PK 180.00 
HU. A 500 Wig yw lant — M35 s RAT Uiar tepihi i Hietaid D Wenen bjia aeoo — KAP e 
A a 449 00 nti 41 esl Mia ia 169 95 B Runs all Ms if Dilly dud Ümnitel 1200 BAUD B Drive ONLY 148 00 PRINT BUFFERS 
499 00 el ey — Modem/MultiCard JMG XT amdon Wn 2000 | ! 
d Sapp vi a^" " L 1 b 5 em i 26.06 h A CN f Joa a 4 
DALHELD ama P Yr. Wrnly. » Prep as we? 3 ipn liw igi gine F - d eem = p iMi Susi SU mod A — gta k 
Tany Tub 28 nas | $ La d Uo puer aram ce iMo at aus WET Shad soo MM 
M turbo TOBE, Mp 725.00 Prica FAL eJ) piippaa Tandna 3»^ MAh 24b où RO!) Par I Se Cory hae Ot. 
vel 386 PC 1o MG 9M oC b. fep = = PLUS D PMENT Zl! For Haga: Stas age Orewa’ 4 A 
Ramiha MB PS 2 awat a : 
| we PI Mone ME: Tr EE GACKUP STORAGE eC Sworn hna bae lees 
PERSYST FOC $ ADM Huag HI a - amd 534100 EcT—— — 
Perig 38 Mari £11». 00 FLIP H FILE SALE Fen b 199.00 
Prag Fo SEGA wa i ite, Tipe. Laser 128 tram (XO 20h 399 00 
erupit Mona Caie Conia - " er be deo reme SOFTWARE DEALS: A. ut $10 (win P572 245 34 «ME — 29.00 ME URS aep ir 
FNF Masi iMi Sea 16.38 Lasting Edpe Bolwars Fackaga r pn KA xl 20) MP ey e bie ce 
yuannam — NET Loap oi lese, NC 000 «pe B4 0D. LAMEEE NERO 6 TNI - 
a 1 Chace merge cOlguipun) 2995 Somat 1298.00 PERFECT COMPSILERCARE wrt 1M E 
Trip i ue FM „a 1 4 bE ARID L screens «ic Apple |) Compalibia ane ie eap 
Quad PCA Acckó waes | Pr uus dendo: MS |  MolsheD Saitwars | Ext Flopay Drive Bernau 2 20M Saini | 
(ad EMS LO - 290 xu FRE Min "nf ed ur r4 Magaree Edo s 40995 he vi Apple id My dle Bes noah è Duas 5863 | x» H1 
COLOR CARDS ty cc oa P apo: ila sou (a0 NE t 
paar sie CALL Wordstar by MicroPro 5 LASER 128 Carirediges Shin d paa 349 
DISPLAY CARDS Fane inan words 3.) ker Aas Anaboot interface cn IO im 
A3 = » m— PUDE fA TAa mpasblas. Auto Bont miriare Mh Chp Wii Ea 2205 
4 - = go Cue mem Lm 
EMA uA Xm POWER PROTECTION 
Pai dicas VGA H2 06 DISKETTE PRICE BREAK THRU ae aa 
-i zwo | "aeeir bere? Maret tuh a im ace 5 Color Sel 95 TRIPPLITE OHA 4 
TON Se DISKETTES Erre mox c c S Disks Qoo EO TR 
EGA DrSPLAF CARDS Sue psan uM 10 8A 10M LT. 3M DATA Aneel Surge metn x9 
ATI coat h titt 00 &i4 Op! HM 74 g CA ATRIDGES day tL <i; 2 
Aetia rg ankuy To ere Dupuy i 
HD EGA Lava 359 Sij Wn 21% 21% dE - £ - | Batéup Powe Subst BMW STR 
Pas pgs A 05 wich FGA A0 $88.00 »vrs iM 13/5 ic 1300 10.96" ve HAS Hi fiar ap Paart Supply GOO Bad. 
TEM EGA Cunt 248.00 ri 0:80 T1 1g HT TT TE^ ie — f; llataup Phi Tgh yh 1 L7 
thad aft hey a 334-00 no JT Mj 5200 TT" m T! mo TH LIERERT 
VIX 2 Vega Ufu 1r 342 06 0s Oly. 100 ES Ls an w Leetert Pe £T LIPS 783 00 


ALIUS i 2 AL EET UNE TS Dons RAST 4G 7a TWAN FUIL HON RORO " 

PER Vere CALL jom baw ^D " na Laney me bameg il piin Herd IM Amyn debi: 1713 prepa vies 

ALPHA BOF TEAR baem 7! $0 DI, Fam Pe te HECHA OAT OM Feng Cross 10 [EEUU TITRE HW 

"ayez JE +” it 3 3789 pat Fore aeae 57 Rezil Ora At | Ly Campai Hi grmawTtC 

Jo phá Keys Li TE wit fS TALARE ALACH La E LR LN 277 «(Vane 18 SE gki2s im | GOITWARE CLOSEOUTS 

AMENKCAN SMALL duaia — e^ t em eae Pas 38 dina bon Eria baa Past Lewy fates UBER eod Lb 1 MARER Wee oH ls nt) TI 

COMPUTERS Saget iy || SA Qus ee 7p beria; P Pau Th — PAPERBACH SOFTWARE Pe — un F malta ara | Merete a 

tese ang $108 EACOMAM NED LUECUTIVE G FATE MCA OINA TES V o in old ab | Sprenger 

REA OOS AND Swt wn | 44) niigi Je pa, Hure G amta 13 bjb * 8 ^ TS rpAYELING LOO TRARES om Hipp Me LE | 

Prados | 17" popa eser: J).— r4 GENERATION NGPA Hobbs b them y +” J — Ai Pim. v gre | ^to DH ta we a^. 

m, he ped o: MO iupra Su iar MICADKOFT oit 9^ URREA MAL uc c 
Yük TRY COMPLIES ANE GENEric heme (ah tn sap NEE $1 PERSONA "X $ag eee »- 

i Ra i) CALL Mle xe $i mam, US Typ 1 LIAE MF * eT 

—— "T CALL COMPUTER APEOCIATRR tii 7 mm 4 ees 35 red t0 nre he ire 13 m n 

Ufang boria i CALL wapa i gz7g — JAVELIH Wara *! HSU Miss OARTERDECK {Sa iol Tob dota] 

BORLAND CAOSSTALE CON LFETAEE- Macskuan Meet Maso He Ortes 30 341 aspe? 8 « SPECIALITY 

haart Tapa zi ir aan h De! y o" Vm beh Ten Re d = hye rE IH Hi lel [^ a iT Garland’ $179. 955 

atn velim, ti at eat tena A'A IT. Aen 3 EDO ^ PI ^. Uae NI M pimi y o jatt FJATTEG 


* fo faneharga ior Vil c1 Maap car d. 
* Volume 5 d OUR POLICY 
* Dedaen hjer 1a seskacly © Aupy imired 26 raram tam. 
a f} mubpcl 12 change WE! AANA 

a ADP Fogle re pricing may very Mer cien ted (ype 
a Cee] weenie qud ee Cerone ar 


ASK FOR GILLES. ODN. TODD. MIKE OR STEVE 


NEW PHONE FOR ALL USA 


800-FONE ACP 


> Advanced Computer Products. Inc. 


Mail Order: P.O. Bex 17329 Irving CA 02713. Tor Fast Service 


Relat! 1910-8 E. Edinger, Sania Ana, CA 92705 Order hy Phone! | 800-366-3227 e 714-558-8813 


Mé BYTE :* MARCH 1989 Circle 5 on Reader Service Card 


ICs 


RAM Upgrades! $ 


7400 SERIES 


IC's, Parts, Components...Shipped Fast! 


West Coast's Largest Selection...Call for More 


| $8 59 COuM? 565 COWES 529 CSI) 569 CMMI SA9 
— a d nS E pr: S9 coe m CDAY! 2 coe: Chee D 
...priced in sets of 9 Ms — Ms — A — B i Coda — 59 Coz 2 caste m uM m 
. 73 T9 COSR — 78 CUTS 595 
e 64K/120ns . . , 1 mo . 3 ME. , Wo N. 35 COs? — 58 CONG — 55 CD4520 — 7B COAG 756 
e 64K / t50ns $ 8.95 Ww $ be H a JB CIO CD4039 = i-— ie M 2 CD4522 — 79 COII BS 
e 256K / 100 5 7404 , 35 "2 °° S ng. m" es CD4053 149 Chang s E utc 
ns , M20. . 25 M23 SNA, 85 & chats Call Us For Morelf 
e 256K / 120ns 7426 14 125 45 74:98 — 165 ^ noe We 
e 256K /150ns ay ^ BAS | Wm» n 
1 
| 7430 as AEN E SSORS V20/30 M SIMM RAM MODULES 
; l à | | BOB? 5 MHz; — $15 ABT IOIOMHe: 365 
DYNAMIC RAMS Te lm i00 25050 oc ENG 39 
MAG $i 1129/0 5.45 TAC CHIPS S028? Bid MHz 205 VIGS (A MHri 1795 PES 1Mb um 349 00 
a mee ou 
C WEE «as NIRE o es ee) Oe 
JA a eg HE AME jb x 4 120ns) 329.00 
Mim — AW MESS XX ca: ROGA a.m GG $8 seadis — 39 CZ- 76 eee 
' ; 2108 - Sirs 4 
A464 112008. 548 [MS4151/15)n5 605 MEH z -L- à - EE à 2116 s Hua Da ii, an siiis See iS 
"Te 4 4 KE i 
STATIC RAMS 74090. 119 MC33 159 MCS "H9 ae i an nae MU 1A — 25 14 Oe aes à 
TALPA — $88 0160n 1295 6749 IDOS SUE Pes air 135 AWRY IA 
2101 ains ] a BBLR Sns 245 Partial Listing Only!!! HE ad 2 DEM PES GORA, CH XN 2X 
Call us for components Joa, sate, Seine a 
2114/45004 àe GIAL 1500s 445 "s 435 65754 13 95 0 tru A 
2WMQ 118 Bay AS 425 | C 605 50765 MO UA. inhale IR MEM 1D 
ECR a da 1 — MEET 265 SERIES I 135 ONU pU 13 rima p J 
A i "B4 - 250ns , ' A Wake UD 
- AE" IB ius 9 mateo ^ Fako S9 MOCEE e 
F L + is l 
TAHCTOO $25 M4HCTI6) $65 7AHCTSWSI9N arene |” s "us SRM 8 7 OSCILLATORS 
r 
MHCTG? — 25 7AHCTIO3 65 7MHCToM! 199 24,505... 19 MLSY3 99 HL S345 NE 7^ Lona E :009bo SSO ASCO — S8 58. EODD: 
PSLI 5 pnm E e Ue [2 ALSOS., 19 MLS 129 MLS257 — 6d — ZBOCPU $149 ZEQASKI/0 $495 Ls $530 i IAM — 350 10 SW sa 
ne 74 . 14 AS: I u TMA — 9D emon $9 
74HCTIQ — 25 7AHCT240 129 TAHCTS73 190 — i Pp g AL = SOART a err ie PASMMM; 550 NOM — $50 ND 
MHCT2?7 — 30 7AHCT2AT 129 74HCTS74 198 tSu 35 NLS & 745773 — 99 — ZBOPIO 149 Z80ADANT 4gg ftu — (iO d mDOUM: 5A ABONO RN 
MHCITA — 49 MHCT244 129  MHCISAO 198  74,527., 28 FALSI) — 49 74LS122 179 — ZBOACPU 199 ZBÜBCPU o JE — ub a ea 
f4HCTISH SO 74HCT245 129 74HCIGA6 299 LS. — 25 ALS!IBA — 49 ALSE 179 — ZBOACITC 198 ZADBCIC ju i Up VOS NNNM I 
TAMCT15; 65 7AHCT2S; 65 74HCTS63 209 LSE — 2B 74515 — 49 MASS — 59 — "BDAPIO 198 2808PIO TE€I C OAEUTDPUMETET TT 
HCIO 65 7AHCTOSG 110 TAHMCTaGM 299 74,5 — 99 ALSI 99 MLSE 59 ; ,  MÉMBU  310u1UMUO — $56 zioh 358 
LINEAR | "LEE Owe ite MEME BIPOLAR PROMS/PALS Mee pos - aa = 
Laid ==> = 
; LST 3X nsus 49 MIN 99 sa $ 129 715189 $159 Guy — 1S PURI 
S nU VOU Š MIS. X MUS 395 LSI wa — G2SUS (29 745287 99 
dum inum xum (S MS suom qm s EG —— rim EE CONNECTORS 
Ti 4 |! T 
AREE NEC NES NEN EMI. LEIIAUL 
IEEEH IN (MU — HM) Luxus 205 74599, 8 LSI co DD 109 M "A PAL 2NA T T — 
» LS107 5 "iSi — 49 MLSA) 189 1 129 PAL 9 u^ 
| rd E de^ k- eM 3S niswe & MLS233 65 MiSE0 "0 a EXTENDER CARDS 
| LM 100 UMS 229 (Max; 855 EL 5 8000 SERIES Hu. p at prin 
Un 12 003 18 una co cE SERIES Eu CIÓBE ng ler 
IMG 11$ MO 19 IMAG 25 AF00.. S 35 FISI $59 MEAS. $120 ootia 395 aya FEM PROTO CARDS 
TT — s$ LM 225 fux — 285 ie 2 "- : au 129 — BossA 295 ZNAS 595 APPLE $1295 IBM PC $24 9%, 
LM390] xx GO LMTL 250 LM7GED 2% LN 8086 750 8250 695 — Sia 1995 IBM AT HOS 
MA AY 125. La 0 iMod 5399 MOB. 35 MFO , $89 AFS 79 apes PWS BAIAS 1 y5 " 
LATEK — 425 Lab Bü LMIB42 so) MFI 35 FAFA 99 74F258 "n ate 995 853-5 T AITAL 
iS Maal tums 3/8 TAF 35 MEIGS S9 F2 — 289 piapa GMh 9 ROSAS » CIP SWITCH 
LMáMO2 1% LAM 250 C42 8 ME i 4 a B 74F373 — 149 AS 3IBMHz) 2405 82575 295 | POSITION $48 7 POSTION $39 
LM i19 LM] — 7$ OC wi M D B9 14F374.. 149 nnpza6 RISMMz) 1855 8259-5 295 7 POSTION $g A POSTION as 
[MxWTH 249 LMLZO8 17$ wam IA oe . 418) — 199 /4F379 10 anges B(BMHZ| 34 95 H277/755 425 — 3POSTION 68 9 POSTION 129 
LIK 495 (Mgr To MOMD hàm (MED 48 AF — 299 HF39 2109 M MH) S2500 4275 24U5 4 POSTION &à 10 POSTIÓN 123 
UM j- LMZ "m WEN MEET td ü Dri Mes NEM FH 8202 1195 ae 495 4 POSTION 7B 12 POSTION T 
LO xx L 17h HIJOANT | 59 
LMOMOK-XY 12$ LMCOEO — 109 LAEN i% nire F- HFA — 129 MESH 2896 - — ———— 5 
LM35A 4 LOO A OMA Sa T C NEGO EC 
pr b. A 129 a S» T ~ : =] ECONO ZIFS 
L l & 11% nn i BLELLALIARE M — 58000/8MH2 — $1245 RMR 18 PINZIF S350 40 PINZIF 
LAINE T Wer - 78  SOLBERTAIL — HBIGS)T — 58 22PINWiW 129 RD IO MH 1995 5f — wae a PNDF 398 64 PINBF 
Lu. iM» r4 "um BK BPINLIP $10 HRIST — 69 24PMNW/W!29 — BBDIO TOMNZ 995 5BaBl;IzMMz 17995 
E i - S jio iz ae " I.M a ZBPINWIW 159 mr ti r me TEXTOOL ZIFS 
rd eto eee li 6502 SERIES 24 PINZIF 595 G4 PINZIF rr: 
Lia — 275 LMJNO Yè ULNZDS! 148. 2OPINL/P — 22 HAADST 149 BRIAUUW 119 i p Tome 
: CPINL/P — 27 WIREWRAP HRIBW:/W 133 
74HC SERIES Mb AT 1 TENE TONES: 
TAMU $25 ANGI $50 AHCI S55 GAPINL/P 243 IGPINW/W BD HROAW/W 199 a PIN d Ba PLCC 3995 
“noo? — 25 AHCI? — A0 74MCITS — 65 HI RES IBPINW/W 98. BADAWI 220 
CETOBI CET: UE edi 1-100 SOCKETS 
MHCÜO — 4S MHCI® — 5 MHCOMS IZ 6802 495 6545 A95 — BAPIN $14 d& 10 PIN 
MHG IQ 5 Hnc 5 MHEG E SPECIAL EM 6810 295 685) A05 — Bi PIN "95 abire 
CET BI eae UEM Since 1976...The Nation's 
HHC2 258 MHC!S Æ MKCO — 99 ‘oe ser 79 95 irm 695 iet icd i NU E | S 
TACTA 35 THCISI 6S TANCADSS 09 IMS fil say? COCA IN TOP C t § fi 
HHGS — 85 TàHC'BA 115 MHCARS A —SPEECHCHIP | 895 Sb LLOCK 895 f ompu! er € upper 
TCU —B& T4HL17] — 85 MHGAUA 149 TMS S20) SPEECH CHIP 725 


" Me Éuro^egs tor Villas 
eren EA, UR PIE 
n Gid sediec! Lo madair + Sappi etd nn carte Fave. 
* Pricing subien lo cane mieu! noke 

! ACF ated Store prickag "may very Nai repan Lut ipa 
> Lamed vrarraxtuem sed of HEHn aspey 


ASK FOA BILLES. QON. TORO. MIKE OR STEVE 


NEW PHONE FOR ALL USA 


800-FONE ACP 


Mail Order P.O. Box 17329 ving, CA 273. for Fast Service 
Retail; 1310-8 E Edinger Santa Ana. CA 32705. Order by Phone! 


800-366-3227 © 714-558-8813 


Circle 5 on Reader Service Cant MARCH 1988 * BY TE M7 


256K STATIC 2251295 256K DRAM 3: 


STATIG RAMS X*ookok HIGH-TECH * **x*xl 


2112 Fade | ET] i440ne] ri 7T43L$S00 16 TÀL$ 112 aa 74,524) €5 
ARE 102404 (450na) 88 $ 85 74301 IB 745127 45 — 7ALS242 åg 
2YT4L-2 102424  i200nallLOW POWER! 1 45 WITH BASIC 7aLgaz 17 - FGL 3127 4S8 7alsrad Bf 
TMM2018.100 — 204848  itüOnal 1.95 TALRO3 16 4ALS'24 279 —— Tal Sze 55 
e ds beta Fee Sh um * SINGLE CHIP MICRO-CONTROLLER WITH BASIC IN ROM »4L804 18 — 7315325 — 398  — 7«L8245 79 
e d ois! * BUILT-IN SERIAL PORT, THREE 16 BIT TIMERS, FIVE 741605 |! AM 38 Mm z 
wmgrisirs zoma (Z00mlicMosiiny — 2 ME " INTERRUPTS AND 25e BYTES OF RAM A mao paama Je pnez 4 
a n j 
HMÓ116LP-2 — 200828  (120n&CMOBILP) — 245 + REQUIRES VERY FEW PARTS TO BUILO AND BASY-TO- fa ic a a ot m 
HMGIG8LP.15 8192438  (T5O0nw (CMOS LPS KE. PROGRAM CONTROLLER 74L811 22 7418138 7 7415259 178 
Mo N E. [M £2 » BASIC EM e i$ OPTIMIZED FOR CONTROL 74,812 z f4Ls1aa 18 de Lo s 
. neli (LP : PPLICATIONS 7aLS 11 74L8145 99 — 74452 
naani aaea [igoasemoaies! WE Mb SPOTLIGHT EE tne $ 
A nel , * * * * *o* * * 231515 26 — TALSiAh 59 — 7415275 ! 
74LS20 17) 7445151 38 74.5280  !58 
DYNAMIC RAMS J4L8Z 1 22 — 74,5153 39 73118283 BE 
741522 22 74L515à 148 741.5290 an 
pul et) ptt m = 74L927 23 745155 688 745293 8 
àT18 18D "c | oe = | 751828 25 — PALS UBS as — T5299 1 
Äran 1638a»1 (12D L T 8031 355 741536 i? 7415152 J4 7312122. 145 
= : 741.832 19 JAL8S158 29 34,5341 788 
MK4332 3278841  i200n»l 6.05 hà235 1 495 
Gaels 8683601 |3Bdcnt A 8035 t AB 74.833 28 086 TALS 169 1* 74,2386 3 
i BOS7AH RA) 3495 741637 26 — 74LS 61 38 — 744.5267 38 
TuE SE pes E Fa DAE EM E 
BOAS 1 55 7AL8 3 7418163 3 74,8173 
TMG4 164 6583821 — [150ne] 1.88 8086 4.45 741847 75  4AS!64 — 4B 70,8374 7$ 
A164. REFRHESH 65536241 [160nsHPIN | REFRESH! 2.95 rhet? & 
a4 73ALEAB as JALS195 85 FALLS IVS E 
TBA4416 1638424 [154001 2,75 BAÓRA.2 7? 85 744561 17 7445166 85 74,8377 79 
41126-150 13107221 rt Sine] 5.95 A155 24" 35481573 28 7418103 ga 72415330 ET 
- t } E 
TM$3404-15 85583534 350na 4.35 B155.2 335 T74LE T4 24 7418173 48 74153803 75 
TEETH H EE mim M Tan Jane ja 
- x [ ! 
8749 8 36 40,575 29 145179 A3 T4L 8624 176 
"ib um Zeta HERES -i i 8755 1a 35 Jat BI A0 — 744510] — 4G ee H 
189.120 — 10486761 (12000) — 3195 m S AM B WM 4 
JAt5 193 74LSB7O 
5 MB-100 1048575621 — (Dna! 34 35 MATH COPROCESSO R$ ?4L$80 39 7446194 69 48882 170 
t L z a5 74L 5195 65 EFT. T. T.].! 240 
EPROMS ^- "is 459.95 soza7e s2a9.a5 M 2 3 74596 se 7aug793 2298 
27058 102408 (450ne{25V 4,95 3 - : . ` 
7714 Z2048aM  (Aħūns 25W) 3.48 743107 RA! 74215221 ES e6L231 1.90 
HP c HE e^ 1 E 2087-2 159.985 80287-10 6309.95 ME zisio 36 vacszan es cx 0055. 
1N$S2532 609608 — (&50naH25V) } 80287 $179.95 80387-16 $499.95 
2732 409648  [(450n0)(28V! 2.95 = 
27 32a 405648 i250ns/21Vvi 3,58 
2232A-2 4098x8 — 1200ralt21V] 4.25 , LINEAR 
27094 Bi92a8 — i280naj(12 Sv CMOS) 4.99 TLO71 69 LM557 79 
2784 8152x8  (ä50na 12 SW} 3.45 , TLO?2 109 # NE570 PETS 
2764-250 819248  i250nait2 5VI 2.69 i TLOT4 195 MESS2 op 
2764-200 B192x8 — i200nwi12 SV! 4,25 | rl | Toaz 59  LM723 49 
MCHER7856 B192xB — (350naH23V1[24 PIN) 15.95 | : | | TLOM 149 LM733 94 
27126 1636428 — (250mea){7127.5¥) 4.28 | i si LeAA O1 34 LARTA T 29 
270200 1278848  i280n»3012 SV CMOS) 7.96 | | LMIJUSK 125 — LM747 69 
27258 32278608  i250nak12 SV) 5 95 : i i LM111 58  MCIJ30 169 


17512 565536xB = 1250ns)//12 5v] 11,98 
27TC512 6563008 3 i250nx:(12.5v CMOSI 12.85 
sa: Program MoHage 


U.S. AND CANADA 


V20* 5 MHe 395 


LMJ18 126 LM 14946 at 
LM3J20 vee? 0 UtNZ00J 79 
LMz23K 8 349 KR220) 395 


7-80 
2.9 MR? CONTROLLERS 


32.95 


' v20" 8 MH 10.95 LM 30 179 CAITa6 129 
TT he n Wu o. aas vao amu, 1395 BL $2.99 LM336 — 175  MC3)73 2 
6sCO2 ICMOS) 795 Q16R6 $2.35 
8530 1.48 4.0 MHz : “Replaces 0088 to LM3IHM aaa — MCi470 195 
qae 186R4 92,95 LM339 54 mciano 4955 
5526 HI ESAE nati vol maada 8 
l - LE353 5 LM 
e617 LE 280A DART 545 Lf 356 95 LM3911 225 
S545 2.945 IZB0A.DMtA 5.95 74F/ 74$ LF357 93 LM 33059 
E351 238 2804-PtHO 143 CAYSTALS LM356 81) LM3314 I| 35 
2.0 MHz £B0A.$IQ O — 535 JaFOQ 15 LM380 B5  MC4024 349 
IBOA.SHKQ 1! 5.95 32 768 MH 935 ?4F02 35 (M38 135 Meagas 3893 
650 IBDA.SIO 2 S98 LM EETA B9  RHCa!J8 025 
TA 769 "aros 38 LM393 4&  RC4osh 68 
4520A iin 8.0 MHZ raroa J4 LMJ94H 595  LM33800 149 
$532 v» races — 22 Faraz 35 T M d iR 
71437 12 7511 J. 
IBDB-CTC 4.25 Fea BE NESS5 23 75150 + 95 
TEGB- PHO 426 74F74 38 NESSA 49 751754 1 95 
| 2808 DARI 6 96 7AF56 BE NESSE 783 75108 t 25 
Z60B-SIO 0 12.86 raF138 38 NESBA 135 — 75183 125 
2808-4510 2 1256 7aF 139 3 LM565 95 75451 39 
28671 MOG 885 74£253 as LM566 143 75452 33 
AY6 1011 3.98 74F157 9" | ME590 2.50 75477 129 
AY3 1015 à 55 34F240 3.25 H- TO-5 DAN. & TO-3. 3-10 220 
TR 1602 335 74500 iB 
cto E Fi EE 
CIRCUITS omes is na R CMOS/HIGH SPEED CMOS 
MMBS167 5.95 TETE 8 94 74510 23 4004 19 — 49065 2B ?4HC153 — 1.08 
ey COCE aa Spo g ss 23 mog g 
- ' A574 I 
MÉMOSJZ 2.98 85 sages 35 4013 35 4081 22 74HC246 35 
24.0 35 748112 ao anas 29 4093 AB 749HC27J 59 
p MISC 120 vee ENR eE tgs atc 
ancoss 258 MB OSCILLATORS B 72: toi — 63 daas? "ego — Fanetoo 
ADCOROS 285 e B 4020 $9 — 4503 49 — TAMCTO2 25 
GENERATORS iocus o5 on 25 TN nns 58 ss S an m cvm à g 
F ET 3 
MC14dI 2.22 DACOBDE 195 2.0 595 748163 1.29 mr 43 — 4528 75 AHCTA2 23 
341 4.45 
nm i34 AA 4 — 2.4575 5 95 745175 A025 25 353€ — 38 — JaHCT 48 
8027 å ; 
COMB116 295 BT28 L25 = Mr FE s5 T4HCO0 21 74HCT133 in 
ome d ae: "Uu EM NM 
DP$304 ?29 ace? 
| $334 375 m : on ach as 74HCO8 25 7AH 58 
IMTERSIL 9368 2.85 ao 435 "ETT BË T4HC10 18 TAHCT245 EE 
TEN y " aoa? 65 FaHC 14  .35 JAMCT273 Jà 
ICI] 10.98 12.0 T: ga BO mien MEN E 
(CL768G 199 16:0 495 4051 82 TAHCHG 48 7AHCT 253 * 
ICLAOJE 3.88 18 432 4 95 az 6B 7aHC138 «AS T4SHCT4D17 1.4% 
ICMATIOFA 596 20.0 4.95 rr 74HCi39 AR TJAHCTAO4O BÉ 
ICM 7208 15.95 AVG 3500 PRO 1195 24.0 4.55 anet aa 74HC161 .BÀ JAHCT4DGQ 1.48 
| 


Visit our retail store located at 1256 5. Bascom Ave. in San Jose, (408) 947-8881 


a | = PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING 
IDR Microdevices E TERMS Minimum omer $10.00, For shippng and handing include £250 tor UPS 
age Eh! 
x shipping charges—please contact our Sales Department for the amount CA_ residents 
110 Knowles Drive, Los Gatos, CA 95030 mus inciice applicable sales tax. All merchandise is warranted foc 90 days uniess 


Toll Free 800-538-5000 * (408) 866-6200 — ‘ipcgranmcal smor: We rezerve me ngh ett quanas and So suum mandar: 
FAX (408) 378-8927 © Telex 171-110 — rues teme priced may only be representative. 7 car 
COPYRIGHT 1988 JOR MICHODEVICES 


JUR MICRODEVICES AND THE JDA MICRODEVICES LOGO ARE REGISTERED TRADEMARKS OF JOR MICRODEVICES. JOA INSTRUMENTS IS A TRADEMARK OF JDA MICRODEVICES 
[BM i& A TRADEMARK OF INTERNATIONAL BUSINESS MACHINES CORPORATION 


Circle 132 on Header Service Card 


20 MEG HARD DISK DRIVE ON A CARD $349! 


BARGAIN HUNTERS CORNER 


DIABLO D25 PRINTER 


THIS OFFICE WORKHORSE LISTED AT $695 
A REAL STEAL AT $279.95! 


x LETTER QUALITY AT 20 CPS, 132 COL. 

* USES STANDARD DIABLO 630 PRINT- 
WHEELS AND RIBBONS 

* 10, 12, 15 PITCH AND PROPORTIONAL 

* SERIAL AND PARALLEL INTERFACE 

* QUIET OPERATION — LESS THAN 58 dB 

* AUTO PAPER LOAD, FRICTION FEED 

* FULL XEROX WARRANT Y! 


ONLY 527995 


PARALLEL OR SERIAL CABLE (PLEASE sreciry) 
HURRY —QUANTITIES LIMITED! 


$19.95 


RESISTOR NETWORKS 


9 RESISTOR 
7 REBISTOR 
B8 RESISTOR 


WOLTAGE REGULATORS 


13 RESISTOR 


CAPACITORS 


BYPASS CAPACITORS 


01,1 CERAMIC DISC 100 26.00 
01,1 MONOLITHIC 100 810.00 


SPECIAL ENDS 3/31/88 E 


i4 MONOLITHIC 


SOLDER STATION 


iit SP ye 
- ADJUSTABLE HEAT 
SETTING W TIP TEMP 
HEADOUT 
« QUICK HEATING 
& RECOVERY 
* RANGE 200°-—S30rF 


Hohn SUW . 
s 49.95 
30V " 


Boy , 
12M 


- EXTENDER CARDS 
FOR IBM 


529.95 
$39.95 


EXT-8088 
EXT-80286 


10V —.70 
TaY 1.25 


SHORTING 
BLOCKS 
. 5/$1.00 


100°86.50 
100 $12.50 


WHY THOUSANDS CHOOSE JDR 


* QUALITY MERCHANDISE 
COMPETITIVE PHICES 


* MOST ORDERS SHIPPED IN 24 HOURS 


* FRIENDLY, KNOWLEDGEABLE STAFF 
* MONEY BACK GUARANTEE 


38 PIN CENTRONICS 


IDCEN3A RIBBON CABLE 3.95 
CENI6 SOLDER CUP 185 
iDCEN36 F RIBBON CABLE 495 
CEN36PC R1 Angle PC Maun 1.85 


DISCRETE 


1N751 .AB 
15414825. ‘t= 


Pora CONNECTORS 


(ASK FOR DETAILS) 
* TOLL FREE TECHNICAL SUPPORT 
* EXCELLENT CUSTOMER SERVICE 


DATARASE 


: 2N2222 » ERASES 2 EPROMS IN 10 MINUTES 
» VERY COMPACT, NO DRAWER 


fDatarasa | 


* THIN METAL SHUTTER PREVENTS 
UY LIGHT FROM ESCAPING 


$34.95 


OESCRIPTION ORDER BY ECN 
(DHnaS 


| — MIGHT ANGLE SOLDER HEADER. | IDHxzSR | 

| ^ WwIBEWRAPHEADER — — | Dhan — | 

RIGHT ANGLE WIREWRAP HEADER | 1DHsaWA — [2.08 [328 [4.22 | aBa |7.30.-. 
RINBON HEADER SOCKET | IbSxs —  |.83 |.89 | 95 11.23 |1.49 | 1.69 | 

| -BIBBON HEADER — .  |iDMw« — | = |5.50|6.5 |7.00 |7.50 [aso | 

ENR UL CARO EE ENEMIES IBS 

ENNEII IU C D C NNNM C —— 1180 |220 [a.ro 1840| 


WiIREWRAP 
IDC RIBBON CABLE 


HOODS 


ORDERING INSTRUCTIONS. 
INSERT THE NUMMER OF CONTACTS iu THE POSI NON ARSED ax OF FHt ORDER AY PART | 


EXAMPLE A Ib PIN RIGHT ANOLE MALE PE SOLDER WOULO BE DHISOR 


MOUNTING HARDWARE 58€ 


NUMBER LISTED 


FAR ORDERING IAS RII Se FE (ALALA TURE CONNEC IONS ABOVE 


CALL FOR VOLUME QUOTES 


SPECTROWICS CORPORATION 
EPROM ERASERS ` 


LIGHT EMITTING DIODES 
LED DISPLAYS 


FND-357|355! COM CATHODE 362" 
FND-5004803) THODE 5" 
FND-SO716 10} 

MAN-T72 

MAN: 74 

TIL 313 


TIL-314 An? HEX W^LOGIC 470" 10.95 


OIFFUSED LEDS 
6 


JUMEO RED 


ear Mr. Rowe, 

1 am writing to compliment the 
service] received yesterday ona ptione 
dali ta JDH i spoke Lo à salesperson 
named Helen. She went eut of her way Lo 
assist it is service Like thia that 
keeps us coming back to JUH 


Thiuiks ' 
Jit Maker L): 


EWRAP 
PROTOTYPE CARDS 


FAL EFC GEASS | aA TE 
GULF AÀATELU EEE à asc kei ur rt 


HOT CAHDS OE Son SLAPS NI 
LEUENDS è MOUN DA BRACNI T 


HOM- PR! az? $6 
WITH -5Y AND GROUND PLANE 


IBM-PRZ $22.25 
45 ABOVE WITH DECOTHBN LAYOUT 
IBM-PRAT 


$29 9b 
LARGE :5V A GROUND PLANES 


SOLDERLESS 
BREADBOARDS 


100 TIE POINTS 
530 TIE POINTS 
1360 TIE POINTS 


320 H 
3220 TIE POINTS 


PAGE WIRE WRAP WIRE 


PRECUT ASSORTMENT 
IN ASSORTED COLORS — 527.50 


500«a: 9.0", 3.5" 2.9" 
SPOOLS 
Wt feet — $4.30 260 feet 87.25 
SQ} legt 3135.25 1000 feat $21.25 


Please &pecily color 
Alue. Black Yellow or Red 


SOCKET- WRAP | l.l D. - 


a SLIPS OVER WIRE WR 
* IDENTIFIES PIN NUMBERS: ON WRAP 
SIDE Of BOARD 
1 CAN WRITE vie HE PLASTIC, 
SUCH AS AN 
PCK. OF 
70 


PINS anil ^ PRICE 
8 185 


L 

5 
a 
5 
L. 


> 3.95 
"PLEASE ORDER BY NUMBER OF 
PACKAGES (PCK. GF) 


SWITCHES 
MINI TOGGLE ON-ON 
MINI TOGOLE ON-ON 
MINI TOGGLE ON-OFF 
MINI PUSHBUTTON M O 


DIP SWITCHES 


"SNAPABLE" HEADERS 


CAM GE ENAPPED AFART TO 
MAKE ANY SIZE HEADER, 
ALL WITH 1° CENTERS 


STRAIGHT LEAD 
RIGHT ANGLE LEAD 

2 STRAIGHT LE —— E 
2 nii ANGLE LEA 


25 PIN D-SUE 
BENDER 
CHANBERS 
$7.95 


EMI FILTER $4.95 - 


niuctor SERM 
3 odio w female gocket 81,55 
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64K DRAM vs $395 


aut $179 256K DRAM 


NEN LL LOS MONITORS DISK DRIVES 
a Li J 
-méaswwna catur masne covsmucnon al SAMSUNG <a Ble” SEAGATE HARD DISK DRIVES — 
m mE 
» v | ST-238 HALF HEIGHT 30M8 GSma (ALL) 8295 
MODEL M$-200 $39.95] MONOCHROME ST 23 LE HEIGHT 30M 
E å , E .251 HA 46 dikme 84855 
- ALTAN POWER STATION INDEPENDENTLY CONTROLS MER ^ar MPATIRLE TTL 51-277 HALF HEIGHT 60MB 40ma (RLL) 464 
UP TO 5 120 VOLT AC OUTLETS * Ut APPROVED §T-4038 FULL HEIGHT 30MB d4Oma 8559 
ST-4056 FULLHEIGHT BOMB 28ms 6855 
- « NES 720 » 350 Ye HEIGHT FLOPPY DISK DRIVES 
: Swe" TEAC FD-558 D5 DD 360K $99.95 
-= ns E 512995 PEN amasajn — SES 
A - i $ a 
mm m i ' eor CELL MER - 
| | " FUJITSU K DS HD 1 r 
MULTISYNC BY NEC $589. 95 ca Ds. DD 380K ee 
* GRIGINAL CGA. EGA PGA COMPATIBLE MONITOR S'a” OS HD 1 $109.95 
; ARBOLURION AS MION AE QUO ws - ain” i-r A m OS OD (ATOR XT] $129.95 
NASHUA DISKETTES DISK DRIVE ACCESSORIES 
Jae BOXES OF 10 a, J ane EGA AY CASPER $398.95 I HT MOUNTING HARDWARE FOR INIA szos 
DS DD 360K [ 
Ma" os 12M 19m 496» 396». | NES R40 «200 380 ine imen Dor prc M Y" POWER CABLE FOR 5%“ FDDs 52.98 
We" psonn 720K $16 Be GULE » 14" BLACK MATRIX SCREEN 1 18 COLORS FROM 64 Su" FDD POWER CONNECTORS 51.19 
HU DISKETT E STORAGE FILE 358 q RGB Pe a PA , $279.95 WITH POWER SUPPLIES 
3 95 * HGB'IBM COMPATIBLE = 14" NON-GLARE SCREEN CAB.2SVB DUAL SLIMLINE FOR S's” 149.98 
: ETURGY, A " a « eurn DO: + CABLE FOR IGM PC INCLUDED CRE ip Bub buen E-— 
, BMOKED ACRYLIC CASE MONOCHROME eysaxaTa $89.99 can :rMa ouaLrULLHEIGHT rons” 221995 


DIVIDERS s AM COMPATIBLE TTL INPUT 


VERSION FOR D2 h : TZ NON RM angen BEAKEN 
FLOPPIES AVAILABLE EASYDATA MODEMS 
$8.95 Ail models Jaaiure auto-clal/answer/redia! on busy 


power up set tesi, iouchfang or pulse dialing, buii-ir 
Speaker. Hayes and Beil Systems 103 & 212A cont- 
pahe, full or hall duplex, PC Talk it! Communica 
hona software wilh internal mogels and more 


TOLL FREE 


| | 


U.S. AND CANADA 


2 WAY SWITCH BOXES $39.05 


* CONNECT Z PRINTERS TD 1 COMPUTER OR VICE VEREA 
* SERIAL & PARALLEL MODELS AVAILABLE 

« ALL LINES SWITCHED 

1: GOLD PLATED CONNECTORS & QUALITY SWITCHES 


8' INTERFACE CABLES ; e, 
MEETS FCC REQUIREMENTS 100% SHIELDED S 20MB HARD DISK ON A CARD TTTTTM 
IEM COMPATIBLE PARALLEL PRINTER $9.95 oR 
CENTRONICS (MALE TO FEMALE 


INTERNAL 
12H 1200 BAUD '; CARD $69.95 


24B 2400 BAUD FULL CARD $178.85 


85232 BERIAL MALE TO MALE) 99.354 
COILED KEYBOARD EXTENDER 27.95 


JOYSTICK — *199* EXTERWAL 
s SET 4-Y AXIS FOR AUTO » SAVES SPACE AND REDUCES iNO SOFTWARE INCLUDED) 
POWER CONSUMPTION i 
PET ^ On FREE MOVI ' HEIGHT ELOSMES net $ 3 49 12D 1200 BAUD $119.95 
|: FIRE BUTTON FOR USE I 
+ LEAVES ROOM FOR A 40 5218.97 
ROGER T Sas 


CABLE FOR ILM 


COMPUTER CASES 
Alfractive, sturdy steal cases Tri! the popular sizer 


malherhoards and include speakers, faceniaies 
Sxpanasion siots and al} necassary hardwara. 


SWITCHING POWER SUPPLIES 
P$-135 $59.95 


t FORIBM XT COMPATIOLE 
| «LL APP.. 13& WATTS 
85V 15A, -12V 4.2A 


cw 64, 17W SA 
- ONE YEAR WARRANTY 
P$-150 io muns, 18995 
| P$-200 $88.05 


. can OA MAS AT COMPATOLE 


Sa, 
= ONE YEAR WARRANTY 


| PS-A $49.95 


XT STYLE FLIP-TOP 34.9! 
NT STYLE SLIDE-TOP $39.9: 


* 160 CPS DRAFT, 32 CPS NLO MODE 
4 am hare EPSON -IRM 


1 i ded Rd SYSTEM GRAPHICE 

| BA aay TA +e 9 BoT MATE $ 95 gj AT STYLE SLIDE-TOP 89.9! 
P$-1558 $94.05 - VARILA ONE * FRONT PANEL KEYLOCK AND LED INDICATOR 
; ZE WATTE, ULAPPROVED IN COMPATIBL? JR. AT STYLE FLIP-TOP , $148. 9 


o fy POWER SYSTEMS 


+ BY POWER SYETE IBM COMPATIBLE PRINTER CABLE $8.85 
- TEM, Mons. 4B 


REPLACEMENT RIBBON CARTRIDGE 


* INCLUDES 180 WATT POWER SU 


$7.85 » FRONT PANEL KEYLOCK AND LED h INDICATOR 


Visit our retail store located at 1256 S. Bascom Ave. in San Jose, (408) 947-8881 


. m | ARE. e i PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING 
J ICTO evices ^ TERMS: Minimum order $10.00. For shipping and hahdling include $250 tor UPS 
Ground and $3.50 for UPS Air. Orders over | Ib. and Foreign ortfers may require adeitional 
shipping charges—please contact cur Sales Department tor the amounl CA residents 


110 Knowles Drive, Los Gatos, CA 95030 misi include applicable sales Lax. AX merchandise m warranted for 90 days unless 


olherwise sisted. Prices are subject lo change wilhoul nosce, We are nol reiiponubie tor 


Toll Free 800-538-5000 . (408) 866-6200 jpographical error. We reserve the righ! to brit quantities and to substtule manutac 


lune AH menchandize subject to prier sale. A Tull copy of our terms is available upon 


FAX (408) 378-8927 . Telex 171-110 reeuei lioma gnchured may only be representative 
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ALL MCT PRODUCTS CARRY A 1 YEAR WARRANTY 
EROM MODULAR CRUIN TECHNOLOGY | AS Seagate 


Ve HEIGHT HARD DISK DRIVES Je HT HARD DISK SYSTEMS 


| as d ( 4045469 20 m5289 
DISPLAY CARDS 60 MB $649 30 MB $329 


MCT-MBP  Monocnrome cnaPHics 15995 Drives are Seagate models ST-251 (40 MB) & Systems include Seagate 's height hard dnye, 


TRUE HERACLES COMPATIBILITY SUPPORTS LOTUS 123 ST-277 (60 MB ALL) $'a" half heights drive controller, cables & instructions. AN 


n SOFTWARE DRIVER ALLOWS COLOR GRAPHICS PROGRAMS TO RUN FAST 4Ormns time! ves are pre-isted & tad fnr 1 | 
ON A MONOCHROME MONITOR a PARALLEL PRINTER PORT cc saan ail warranted for 1 year 


MCT-EGA elt enna ADAPTORS (4995 

aor erg nat oe daa eon ta COLORE [oA E c^ 

| . COLOR GRAPHICS ADAPTOR $4085 | 

MCT ca TOLE WITH IBM COLOR GRAPHICS STANDARDS : EROM MODULAR CIRCUIT TECHNOLOGY FULL ONE YEAH WARRANTY 


| ADAE a aoa RESDLUNON. LAHT PEN INTER ACE... M MCT-TURBÜ  runso« ewe: $9905 


» 4,77 OR B MHz OPERATION WITH BOBB-2 & OPTIONAL 
MU oT EM Soci pied 
= 


> A AED MODE OR SOFTWARE SELECT 
ALL THE FEATURES OF 8 PACK: AT HALF THE PRICE CAOCEERGR SPERO — o nnne UND 


* HAK DYNAMIC RAM USING 41648 
« SERIAL, PARALLEL, GAME PORTS, CLOCK ‘CALENDAR MCT-XIMB STANDARD MOTHERBOARD — 58795 


J $7995 
MCT-MQMIO 9 wonocrarnicsvo  $11995 B RACT-ATMB — sess 837095 McT-5330 "ON | 
sP DNE ANT SEHR. PRAALLA), CAME FOU CLERUM : HARDWARE SELECTION OFBOR BM orn ‘Companies ^ COR XT ORAY 


= ? WAIT STATE x LEO INDICATORS 
* RUM COLOR GRAPHICS SOFTWARE GN A MONOCHROME MONITOR » KEYLOCK SUPPORTED. RESET SWITCH. FRONT PANEL LED - AUTO REREAT FEATLIRE 


INDICATOR = SEPARATE CURSOR PAD 
MCT-MIO MULTI VO FLOPPY $7995 - SOCKETS FOR 1 ME OF RAM AND H028? — 
4 PERFECT COMPANION FOR OUR MOTHERBOARDS aT TESS REEF CESEN MCOT-5060 $5995 
* SERIAL, PARALLEL, GAME PORT, CLOCK “CALENDAR 
« SUPPORTS UP TO 2 380K FLOPPIES, 720K WITH DOS 32 MCT-BATMB MINI! 80286 339055 Qo ^4 pro a 
MIO-SERIAL 2nd SERIAL PORT 15" = REPLACEMENT BOARD FOR XT STYLE CHASSIS IBLES 
r OPERATE AT 6. 10 MHz WITH UP TO 1MB ON-BOARD 


. DICATORS 
MEMORY |2ERO K INSTALLED) 
MCT-I0 MULTI VO CARD $5095 ME socnct ron 8028) MATH CO.PORCESSOR | olini olco 


USE WITH MCT-FH FOR A MINIMUM OF SLOTS USED + BATTERY BACKED CLOCK MCT- tages 
» SERIAL PORT. CLOCK CALENDAR WITH A BATTERY BACK-UP - B SLOTS. 2 EIGHT GIT, 6 SIXTEEN GT-5150 xr sr cavou 
» PARALLEL PRINTER PORT ADDRESSABLE AS LPT? OR LPT2 * USES CHIPS & sen ne CP SET FOR RELIABILITY MCT-5151 nasisi“ cau tages 


IO-SERIAL 2nd SERIAL PORT Hge AND SMALL SIZ 


MCT-ATMF — atmurtirunction — $139905 WHY BUY A SYSTEM FROM JDR? 


ADOOS UP TO 3 MEGABYTES OF HAM TO) THE AT 
: USER EXPANDABLE TO 1.5 MB OF MEMORY {zeA9 K INSTALLED] » BUILD 17 YOURSELF AAD SAVE! ¢ MOST ORDERS SHIPPED iN 24 HOURS 


«INCLUDES vg" uem din PARALLEL wii - MONEY BACK QUARANTEE (ASK FOR DETAILS) a QUALITY COMPONENTS AND COMPETITIVE PRICES 
ATMF-SER « LEARN ABOUT THE INHER WORKINGS DF A COMPUTER + TOLL FREE TECH SUPPORT IN THE U.S. AND CAMADA 
MCT-AT MC PIGGVBACK BOARD (NO MEMORY) vo — Mi YOU CAM ASSEMBLE A SYSTEM IN ABDUT 2 HOURS WITH A SCREWDRIVER & OUR EASY-TO-FOLLOW INSTRUCTIONS 


MCT-ATIO AT MULTI VO $5985 PM 
-SEMAL PARALLEL AND GAME PORTS OM SPEED OPERATION BUILD YOUR OWN 
ATKO-SERIAL 2red SERIAL PORT a" 256K KT COMPATIBLE 
MEMORY CARDS * 260K OF MEMORY 
MOT-RAM 576K RAM CARD $5995 IM . 435 WATT POWER SUPPLY 


A CONTIGUOLIS MEMORY SOLUTION IN A SHORÍI SLOT 5 
a uio SELECTABLE CONFIGURATION AMOUNTS UP TÒ 576E USINü F F LIP TOP CASE 
K & 266K RAM CHIPS (ERO K INSTALLED) x XT STYLE KEYBOARD 


MCT-EMS EXPANDED MEMORY CARD $49905 MI * 360K FLOPPY DRIVE 
2 MB OF LOTUS ‘IN FEL: MICROSOFT COMPATIBLE MEMORY FOR XT x DRIVE CONTROLLER 


s CONFORMS TO LOTUS: INTEL EMS « USER EXPANDABLE TO 7 MB + MONOCHROME MONITOR 
1 EXPANDED: CONVENTIONAL MEMORY, RAMDISK AND SPOOLER » GRAPHICS ADAPTOR 


MCT-ATEMS AT VERSION hie 


DRIVE GONTROLLERS FOR ONLY 549815 


MGT-FDG Floppy Disk conrroiien $208 ANYONE CAN BUILD A SYSTEM IN ABOUT 
DUALITY DESIGN OFFERS 4 FLOPPY CONTROL IN A SINGLE SLOT 2 HOURS USING A SCREWDRIVER AND 

v INTERFACES UP TO 4 PDDs TO AN IBM PC OR COMPATIBLE EASY- 

» SUPPORTA BOTH D&/bOÓ ANO DS: OD WITH DOS 3.2 AR Mi ran i Lo M ts as 


MCT-HOG — nanooiskcowrnouen — $7993 


sper MM iam a DEVELGPMENT TOOLS 


s SUPPORTS 18 DRIVE SIZES INCLUDING B. 10, 20. 30 & 40 ME 


« DIVIDE 1 LARGE ORIVE INTO 2 SMALLER, LOOICAL DRIVES FROM MODULAR CIRCUIT TECHNOLOGY 


MCT-FDOC- 1.2 1.25 FLopry ConTRoLLER $8995 E MCT-EPRÜM Procrammen $12095 PTTTTTTTIT 


|» 9 9 » o» & bo f. 
AP RO Gom - we & 


ADD VERSA Hi ITY A CAPACITY H2 YOUR XT PROGRAMS 27ra & 2721 EPROMS UP TO 2/512 
1: SUPPORTS Z DRIVES. BOTH MAY HE MOK OR 1.2 MEG 1: BUPPORTS VARIOUS FROGRAMMING FORMATS 
s ALLONS DATA TO FLOW EREELY FELOM RTs TO ATs AND VOLTAGES 
* SPLIT OR COMBINE CONTENTS OF SEVERAL EPROMS 
MCI-FH oo Fvopev/Harno contacitien $13095 OF DIFFERENT &MZES 


* LI : ! 
UO e E, M Bt 
Li Im. E - m 
* SUPPORTS BOTH DS/DD & D3/QD WITH DOS 3.2 MGIEPROM-10 102444 Proammmen $299" l 


MET-ATFH ^7 FLorPY/HAano conTROLLER $1 4885 MCT-PAL racprocrammen $28995 


FLOPPY HARO DISK CONTROL IN A TRUE AT OSG 


" ASWELL AS 2 HOD» USING STANDARD CONTROL TABLES MCT-MP ProcessonPaoc. $1 9906 
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COMING UP IN BYTE 


Products in Perspective: 


We begin this section with brief discussions of many new products in What's 
New. Short Takes will consider the following: Windows 2.0, Deskjet, Extra, 
Zenith Flat Screen, Sharp 4521, Oracle, and Sprint. 


The Product Focus for April looks at 37 dot-matrix printers. [f you're 
looking for a printer, check this out. 


System reviews include the WYSE 386 and the Amiga 2000. 


Hardware reviews cover liquid-crystal-shutter printers and two hardware 
debuggers, AT Probe and Periscope III. 


Products up for discussion in software reviews are Microsoft C 5.0, 
FORTRAN 386, and Wendin DOS. 


Application reviews fcature [nterleaf for the Macintosh and Byline. 
Rounding out this section are the unique viewpoints of columnists Jerry 
Pournelle and Ezra Shapiro. 


[n Depth: 


Our highlighted subject will be memory management, and the following 
topics will be covered: a memory management primer, OS/2 virtual memory 
management, implementing Unix on the 80386, and memory management 
on the Macintosh. 


Features: 


In Ciarcia's Circuit Cellar, Steve will present his 5martSpooler. Another 
article will look at Gordon Letwin's new book on OS/2, and we'l] also provide 
information on a program called Fuzzy Prolog. 


Protect Your 
Copies of BYTE 


NOW AVAILABLE: 
Custom-designed library files 
or binders in elegant blue 
simulated leather stamped in 
gold leaf. 


Binders—Holds 6 
issues, opens flat for 
casy reading. 

$9.95 each, two for 
$18.95, or four for 
$35.95. 


Files—Holds 6 issues. 
$7.95 each, two for 
$14.95, or four for 
$27.95, 


Order Now! 


Mail to: Jesse Jones Industries, Depr. BY, 
499 Fax Erie Ave., 
Philadelphia, PA 19134 


Please send files; 


binders for BYTE magazine. 
Enciosed is $____. Add $1 per 
file/ binder for postage and handling. 


| Ourside U.S.A. add $2.50 per file? binder 


(U.S. funds only please). 

Charge my: {minimum $35) 

_____American Express — — Visa 

.—  — MasterCard |. Diners Club 

Card f Exp. Dare 

Signature 

CALL TOLL FREE (24 hours): 
1-800-972-5858 

Name 

Address 

City 

Sae — S 

Satisfaction guaranteed. 


(No PO. Bax) 


Zip 


| Pennsylvania residents add 6% sales tax. 


Allow 5-6 weeks delivery in the US. 
EH.' 
t. 
BUTE iit 
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Important TIPS* for BYTE Subscribers: 
Receive Product Information 10 Days Earlier! 


Mt cme comen at 
" BVIL............. 


sel . 


IDENTIFICATION CARD 


Jahn Sample 


785432189 


All you need is a touch-tone telephone and your subscriber [.D. number. 


See instructions facing the Reader Service Index in the back 


of this issue for outrageous time-saving opportunities! 


" *BYTE's Telephone Inquiry Processing Service 


BYTE ADVERTISING SALES STAFF: 
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SUBSCRIBERS ONLY!* 


Use BYTE's Telephone Inquiry Processing System 
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SUBSCRIBER AND 


ISSUE NUMBERS 
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INQUIRIES 
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[f you are a new subscriber or have lost your [.D. card, cirele 41 on the Reader Servire 
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When TIPS says "Enter (next) [Inquiry Number" 
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Our Silentwriter* LC890 is the first desktop publishing printer that gives you both popular 
standards for creating graphics and type: true Adobe PostScript” and LaserJet Plus emulation. 
That alone would be enough to cause headlines. But we also added many 
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——~ NEC's SilenfWriter Printer Boasts 
PostScript, HP LaserJet Plus Emulation 
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more features to simplify desktop publishing. Like both Apple and IBM 


compatibility. PC Week stated, “the LC890 
iş actually better than having both an Apple 
LaserWriter Plus and an HP LaserJet Plus on 
your desk.” Equally impressed, PC Magazine 
awarded it an "Editor's Choice.” And cited it 
in their “Best of 1987” issue. 

And because the Silentwriter has a simple, 


trouble-free printing mechanism, it will be creating headlines for years to come. In fact, iUs twice 
as reliable as ordinary lasers, with an average life of 600,000 pages. 
If you don’t require the power of our LC890, con- Ji 


sider the rest of the family. The LC850 for text applica- | 
tions and the LC860 Plus for text and less complex J 


graphics. 

To start producing your own headlines, 
call 1-800-343-4418 (in MA 617-264-8635). 
We'll send vou reprints of all the great 
reviews and the name of the NECTS dealer 
nearest vou. 
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NEG Information Systems. Dept. 110, 1414 Massuchusetts Ave . Roxborough, M4 O17 19, 


|! NEC PRINTERS. THEY ONLY STOP 
WHEN YOU WANT THEM TO. 


3 —" NEC Infarmation Systems, Inc. 
-s, 
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The western division posted a 16% gain 
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Tandy Computers: 
Because there is 
no better value. 


TandyLink" and Professional DeskMate" 
put your PCs on speaking terms. 


Now there’s a simple, 
affordable approach 


to PC communications. 


Introducing a workgroup designed specifi- 
cally for small offices. Professional DeskMate 
software and TandyLink will give your depart- 
ment an enormous boost in production and 
efficiency —without a heavy investment. 

Professional DeskMate combines the most 
valuable office applications in an easy-to-use 
integrated format. You get text processing, 
spreadsheet analysis, filing, telecommunica- 
tions and business graphics. 
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And when you use this program in the 
TandyLink workgroup, every employee can 
share information and work together. 


Each user can transmit Professional 
DeskMate files to or from other PCs in the 
warkgroup. Exchange messages. Keep a depart- 
ment phone list. Share appointmenr calendars 
and even a printer. 


No dedicated file server is needed. A 
TandyLink workgroup is user installable and 
operates easily on Tandy and other IBM® PC 
compatibles. For rwo stations, all you need is a 
simple RS-232 connection, For larger work- 
groups, just add an inexpensive TandyLink 
card to each compurer. 


The Professional DeskMate-TandyLink con- 
nection turns individual productivity into real 
teamwork power. Come to a Radio Shack 
Computer Center today for a demonstration, 
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